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P K E F A C E. 


The object of this little Treatise is to furnish an 
elementary outline of the science of Geology. In its 
> preparation the utmost care has been taken to present 
a simple but accurate view of the subject, to lead the 
learner from things familiar to facts less obvious, and 
from a knowledge of facts to the consideration of the 
laws by which they are governed. By adopting such a 
method. Geology, instead of being a dry accumulation 
of facts, and its study a mere task of memory, becomes 
one of the most attractive departments of natural 
science, and affords one of the finest fields for the 
exercise of the observing and reflective faculties. The 
treatise, though initiatory, is arranged on a strictly 
scientific basis, the author being convinced that the 
student’s progress is best promoted by commencing at 
once with the technical treatment of his subject, and 
making him feel that he is step by step acquiring 
the power to master for himself the higher and more 
difficult deductions. Such a course may require closer 
attention, and cost him a little more labour at the 
outset ; but it will be found, as he advances, to be 
the more pleasant as well as more profitable mode 
of procedure. Every science, like every manual art, 
has a style and mode of handling peculiar to itself — 
a fact too often lost sight of in volumes professing 
to be “Popular Treatises” and “Easy Introductions.” 
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PREFACE. 


A soldier docs not acquire the ready use of his musket 
by being trained to handle a broomstick ; neither can 
a student become familiar with the truths of his science, 
or be taught to apply them, unless through the medium 
of the language and illustration appropriate to the 
subject. Whatever may be the defects of this manual, 
the author has endeavoured to write as a geologist — 
to afford the pupil an accurate outline of the science, 
should he stop short at this stage of his progress, 
and to present him, should he wish to prosecute the 
study, with a gradual introduction to a more advanced 
and comprehensive text-book. In either ca.se the trea- 
tise is complete as far as it goes ; and the student who 
has mastered its details will have acquired no insigni- 
ficant amount of geological information. 


;JU (jiLMORK Pi..kCK, Edinburgh, 
Auyusl 1054. 


SECOND EDITION. 

This revision has been made in accordance with the 
latest discoveries and advancing views of our leading 
Geologists. In a modern and progressive science like 
Geology, modifications of arrangement and opinion will 
long be necessary ; and the Author feels gratified that 
an extensive demand for this little treatise has so soon 
enabled him to present the subject in its newest aspects. 

A uyutl 1855. 
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GEOLOGY. 


I. 

geology: a history op the structure and conditions op 

THE globe, as manifested IN ITS CRUST OR PORTION 

ACCESSIBLE TO HUMAN INVESTIGATION. 

Objects and Scope of the Science. 

1. Geology (from two Greek words — the earth, and logos, 
a discourse or reasoning) embraces, in its widest sense, the con- 
stitution and history of our globe. Its object is to examine the 
various materials of which our planet is composed, to describe 
their appearance and relative positions, to investigate their nature 
and mode of formation, and generally to discover the laws which 
seem to regulate their arrangement. 

2. As a department of natural science. Geology confines itself 
more especially to a consideration of the mineral or rocky con- 
stituents of the earth, and leaves its surface configuration to 
Geography, its vegetable life to Botany, its animal life to Zoology, 
and the elementary constitution of bodies to the science of 
Chemistry. Being unable to penetrate beyond a few thousand 
feet into the solid substance of the globe, the labours of geolo- 
gists are necessarily confined to the external film or crust ; hence 
we speak of the “crust of the globe,” meaning thereby that 
portion of the rocky structure accessible to human investigation. 

3. The materials composing this crust are rocks or minerals of 
various kinds — as granite, basalt, roofing-slate, sandstone, marble, 
coal, chalk, clay, and sand — some hard and compact, others soft 
and incohering. Tliese substances do not occur indiscriminately 
in every part of the world, nor, when found, do they always 
appear in the same position. Granite, for example, may be found 
in one district of a country, marble in another, coal in a third, 
and chalk in a fourth ; and some of these rocks occur in regular 
layers or strata {ftratum, strewn or spread out), while others rise 
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up in irregular monntain-mas.se8. It is evident that substances 
(liflfering so widely in composition and structure must have been 
formed under different circumstances, and by different causes ; 
and it becomes the task of the geologist to discover these causes, 
and thus infer as to the former conditions of the world. 

4. When we sink a well, for example, and dig through certain 
clays, sands, and gravels, and find them succeeding each other in 
layers, we are instantly reminded of the operations of water, and 
are led to inquire whether these clays, sands, and gravels owed 
their origin to rivers, to lakes, or to seas. In our investigation we 
may also discover shells, bones, and fragments of plants imbedded 
in the clays and sands ; and thus we have a further clue to the 
history of the strata through which we puss, according as the 
shells and bones are the remains of animals that lived in fresh- 
water lakes and rivers, or inhabited the waters of the ocean. 
Again, in making a railway -cutting, excavating a tunnel, or 
sinking a coal-pit, we may pass through many successions of 
strata — such as clay, sandstone, coal, ironstone, limestone, and 
the like ; and each succession of strata may contain the remains 
or impressions of different plants and animals. Such differences 
can only be accounted for by supposing each stratum or set of 
strata to have been formed by different agencies, and under 
different conditions of climate, as well as imder different arrange- 
ments of sea and land. 

6. In milking these investigations, the geologist is guided by 
his knowledge of what is now taking place on the surface of the 
globe — ascribing similar results to similar or analogous causes. 
Thus, in the present day, we see rivers carrying down sand and 
mud and gravel, and depositing them in layers either in lakes, in 
estuaries, or along the bottom of the ocean. By this process 
many lakes and estuaries have, within a comparatively recent 
period, been filled up and converted into dry land. We see also 
the tides and waves wasting away the sea-cliffs in one district, 
and accumulating expanses of sand and salt-marsh in some shel- 
tered locality. By this agency thousands of acres of land have 
been washed away and covered by the sea, even within the 
memory of man ; while by the same means new tracts have been 
formed in districts formerly covered by the tides and waves. 
Further, we learn that, during earthquake convulsions, large 
districts of country have sunk beneath the waters of the ocean ; 
while in other regions the sea-bottom has been elevated into dry 
land. Volcanic action is also sensibly affectinpthe surface of the 
globe — converting level tracts into mountain ridges, tluowing up 
new islands from the sea, and casting forth molten lava and other 
materials, which in time become hard and consolidated rock- 
masses. 

6. As these and other agents are at present modifying the 
surface of the globe, and changing the relative positions of sea 
and land, so in all time past have they exerted a similar influence, 
.and have necessarily been the main agents employed in the for- 
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tnation of the rocky crust wliich it is the province of geology to 
iftveatigate. Not a foot of the land we now inhabit but lias beeu 
repeat^y under the ocean, and the bed of the ocean has formed 
as repeatedly the habitable dry land. No matter how far inland, 
or at what elevation above the sea, we now find .accumulations of 
sand and gravel, — no matter at what depth we discover strata of 
sandstone or limestone, — we know, from their composition and 
arrangement, that they must have heen formed under water, and 
been brought together by the operations of water, just as layers 
of sand and gravel and mud are accumulated or deposited at the 
present day. And as earthquakes and volcanoes break up, 
elevate, and derange the present dry land, so must the fractures, 
derangements, and upheavals among the strata of the rocky crust 
be ascribed to the operation of similar agents in remote and 
distant epochs. 

7. By the study of existing operations, we thus get a clue to 
the history of the globe ; and the task is rendered much more 
clear and certain by an examination of the plants and animals 
found imbedded in the various strata. At present, shells, fishes, 
and other animals are buried in the mud or silt of lakes and 
estuaries ; rivers also carry down the remains of land animals, 
the tnmks of trees and other vegetable drift ; and earthquakes 
submerge plains and islands, with all their vegetable and animal 
inhabitant These remains become envelop^ in the layers of 
mud and sand and gravel formed by the waters, and in process 
of time are petrified {petra a stone, and fio I become) ; that is, are 
converted into stony matter like the shells and bones found in 
the deepest strata. Now, as at present so in all former time must 
the remains of plants and animus have been similarly preserved ; 
and as one tribe of plants is peculiar to the dry plain, and 
another to the swampy morass, — as one family belongs to a 
temperate, and another to a tropical region, — so, from the charac- 
ter of the imbedded plants, are we enabled to arrive at some 
knowledge of the conditions under which they fiourished. In 
the same manner with animals : each tribe has its locality 
assigned it by peculiarities of food, climate, and the like ; and 
by comparing fossil remains (fossil, finm fossus, dug up, applied 
to all remains of plants and animals imbedded in the rocky 
crust) with existing races, we are enabled to determine many 
of the past conditions of the world with considerable certainty. 

8. By examining, noting, and comparing as indicated in the 
precedmg paragraphs, the geologist finds that the strata com- 
posing the earth’s crust can M arranged in series ; that one set or 
series always underlies, and is succeeded by another set ; and that 
each series contains the remains of plants and animals not to be 
found in any other series. Having ascertained the existence of 
such a sequence junong the rocky strata, his next task is to 
determine that sequence in point of time — that is, to determine 
the older frx>m the newer series of strata • to ascertain, if pos- 
sible, the nature of the plants and animals whose remains are 



10 


THEORETICAL AND PRACTICAL 


imbedded in each set ; and lastly, to discover the geographical 
range or extent of the successive series. These series he calls 
formations, as having been formed under different conditions, 
and at different times ; and it is by a knowledge of these that 
the geologist is enabled to arrive at something like a history of 
the globe^imperfect, it may be, but still sufficient to show the 
numerous changes its surface has undergone, and the varied and 
wonderful races of all plants and animals by which it has been 
successively inhabited. To map out the various mutations of 
sea and land, from the present moment to the earliest time of 
which we have any traces in the rocky strata ; to restore the 
forms of extinct plants and animals ; to indicate their habits, the 
climate and conditions under which they grew and lived, — to do 
all this, and trace their connection up to existing races, would be 
the triumph, as it is now the aim, of all true geology. 


Theoretical and Practical Bearings of the Science. 

9. Such are the objects and scope of what may be termed 
Theoretical Geology — a science of comparatively recent growth, 
but of high and enduring interest. The problems it proposes to 
solve are among the most attractive that can engage the ingenuity 
of man — leading him from his own position and connection with 
this planet, back through all its former aspects and conditions, to 
the time when it came fresh and glowing from the hand of its 
Almighty Maker. As a legitimate cultivator of natural science, 
the geologist bases his deductions on numerous and well-observed 
facts ; collects, aiTanges, and compares with honest and scrupu- 
lous care ; and by such means proceeds from phenomena that are 
obvious and taking place around him, to the explanation of those 
that are more remote and less apparent. His object is to unfold 
the history of our globe ; and whether in collecting data among 
the hills and ravines, by the sea-cliff or in the mine, or in arrang- 
ing and drawing from these data the warranted conclusion, the 
earnest student will find geology at once one of the most health- 
ful and exhilarating, as it is intellectually one of the most 
attractive and expanding of human pursuits. 

10. Nor is the science, in a practical point of view, of less im- 
portance to man. Deriving, as we do, all our metallic and mineial 
stores from the crust of the earth, it is of vast utility to be able 
to distinguish correctly between mineral substances, to determine 
in what positions they occur, and to inform the miner with cer- 
tainty where they are, or are not, to be found. Again, the engineer 
in tunneling through hills, in cutting canals, excavating harbours, 
sinking wells and the like, must, to do his work securely and with 
certainty, base in a great measure his calculations on the nature of 
the rocky materials to be passed through — a fact he can only 
obtain by geological deduction. The architect also, in selecting his 
material, by attending to the foimation and texture of the rock, 


Digili*. ‘ f ^ tK 



BEARINGS OF THE SCIENCE. 


11 


and observing how it has been affected by the weather in the cliffs 
and ravines, may often avoid the use of a wasting and worthless 
building-stone ; while his knowledge of geological succession will 
enable him to detect in different loc^ties the same materiaL Tlie 
farmer, in like manner, whose soils are either formed by the disin- 
tegration of the subjacent rocks, or are affected by their retentive 
or absorbent nature, may learn much useful information from the 
demonstrations of geology. The study of physical geography in 
^ relation to the migrations and habitats of plants and animals, the 
acclimatising and cultivation of certain animals and vegetables, 
and even touching the development and health of m.on himself, 
can only attain the character and position of a science, if treated 
in connection with the fundamental doctrines of geology. The 
artist and landscape-gardener may also reap substantial benefit 
from a study of the leading facts of the science ; and though such 
a knowledge, of itself, will make neither artists nor landscape-gar- 
deners, it will often prevent them from committing unjmrdonable 
outrages on the landscapes of nature. 

1 1. To acquire a knowledge of the science sufficient for the pur- 
poses indicated in the preening paragraph, is not a very difficult 
task. The objects of research are scattered everywhere around us. 
Not a quarry by the wayside, not a railway-cutting tlirough which 
we are carried, not a mountain-glen up which we climb, nor a sea- 
cliff under which we wander, but furnishes, when duly observetl, 
important lessons in geology. A hammer to detach specimens, 
and a bag to carry them in — an observing eye, and a pair of will- 
ing limbs, are nearly all the young student requires for the field ; 
and by inspection and comparison in some museum, and the dili- 
gent use of his text-book, he will very shortly be able to proceed 
in the study as a practical observer. Let him note every new and 
strange appearance, handle and preserve every s|)ecimen with 
which he is not famili.ar — throwing nothing aside until he has 
become acquainted ^vdth its nature ; and thus, besides obtaining 
additional knowledge and focilitating his progress, he will 
shortly acquire the invaluable power of prompt and accurate 
discrimination . 


RECAPITULATION. 

In the preceding chapter we have endeavoured to explain that 
the object of geology is to investigate the structure of the eartli, in 
as far as that structure is accessible to human investigation. Com- 
bining all we know of this rocky structure, from the top of the 
highest mountain to the bottom of the deejiest mine, it forms but 
an insignificant film of the four thousand miles which lie between 
the surface and centre of the globe. This film or outer portion is 
spoken of as the “crust of the globe" in contradistinction to the 
interior portions, of which we can know nothing by direct obser- 
vation. Thin as this crust may appear, it is nevertheless the 
theatre of extensive, diversified, and ceaseless changea Every 
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change arising from the violence of the earthquake and volcano, 
every modification resulting from the waters that cover or course 
its surface, every operation dependent on atmospheric agency, as 
well as all that appertains to the development of vegetable and 
animal life, is performed on or within this shell. It is thus at once 
the theatre of all geological change, and the index to all true 
geological history. By noting the composition of its rocks, their 
position and succession, the space over which they spread, and the 
fossUs they contain, the geologist is enabled to indicate the condi- 
tion and appearance of the world during former epochs — to specu- 
late as to the distribution of sea and land, the influence of climate, 
and the kind of vegetables and animals that successively peopled 
its surface. To arrive at a rational history of the successive phases 
of the globe, is the aim of theoretical geology ; to discover and 
classify its mineral stores — to ascertain their position and deter- 
mine their abundance, so as to make them available for the indus- 
trial purposes of life, is the task of the practical geologist. Com- 
bining its economic with its speculative bearings. Geology becomes 
a science of high and enduring interest, deserving the study of 
every cultivated min d, and the encouragement of every enlightened 
government. 


II. 

CAUSES OPERATING ON THE CRUST OP THE GLOBE, AND MODIFYING 
ITS STRUCTURE AND CONDITIONS. 

12. The aim of geology, as stated in the preceding chapter, is to 
fumush a history of the structure and conditions of the earth. 
Had the exterior crust been subject to no modifying causes, the 
world would have presented the same appearance now as at the 
time of its creation. Tlie distribution of seji and land would have 
remained the same ; there would have been the same surface- 
arrangement of hill, and valley, and plain ; and the same unvarying 
aspects of vegetable and animal existence. Under such circum- 
stances, geology, instead of striving to present a consecutive history 
of change and progress, would have been limited to a mere descrip- 
tion of permanently enduring appearances. The case, however, is 
widely different : from the moment the earth began to revolve 
round the sun, there has been one continuous series of change and 
progression. Winds, frosts, and rains ; springs, streams, and 
rivers ; tides, waves, and currents ; the shivering of the earthquake, 
and the upheaving of the volcano ; the alternate growth and de- 
cay of plants and animals ; and the universal operations of chemi- 
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cal agency, are all continually tending to separate, to combine, and 
to re-arrange the materials composing the crust of the eai-th. 

13. In a comparatively fixed and stable region like our own, one 
is apt to underrate the effects of these modifying causes. We see 
from our infancy the same hills and valleys, the same fields and 
streams, and are apt to infer that little or no change is going for- 
ward. As we note more attentively, however, we begin to per- 
ceive that changes have taken place — are yearly, daily, and hourly 
taking place around us. We see the river deepening its channel, 
the tides and waves wearing away the searclififs, the frosts and rains 
crumbling down the rocky surface, the estuary filling up with 
sand-banks, and the lake in wliich we laved our yoimg limbs be- 
coming shallower, and a large portion of it transformed into a 
marsh, luxuriant with reeds and rushes. If all this has taken place 
during some twenty or thirty years, what, we naturally ask, may 
havetaken place during centuries 1 — and what the amountofchauge, 
when centuries have been multiplied by centuries ? Nay, more, 
if a few years can work such changes in a district of comparative 
rest and stability, what are we to expect over the whole surface of 
the globe, and especially in regions whose lakes are like our seas, 
and compared with whose rivers our streams are tiny threads of 
water— regions of extremes, where rains fall in torrents — where 
inundations deface, earthquakes submerge, and volcanoes elevate 
and give birth to new mountains 1 Extending his views in this 
manner, the attentive observer soon discovers that the crust of the 
earth, instead of being a thing of permanence and stability, is sub- 
ject to incessant change ; and as he carries his thoughts over the 
laijse of centuries, he can readily perceive how sea and land may 
have frequently changed places — how old mountain-ranges may 
have sunk, and new ones been elevated — the beds of lakes become 
aUuoial tracts {ad, to, and luo, I wash — formed by the operations 
of water), and the sands and muds of former shores been converted 
into solid strata 

14. The causes which produce these changes being universal 
and incessant in their action, and the basis of all geological pheno- 
mena, it is necessary the student should have a clear understand- 
ing of their nature and mode of operation. Taking it for granted 
that he is acquainted with the spheroidal figure of the earth, its daily 
rotation on its own axis, and its annual revolution round the sun ; 
with the atmosphere that envelopes it, and thus forms the medium 
in which clouds, rains, winds, storms, and changes of temperature 
are eLaborated, and through which the heat and light of the sxm 
are diffused ; with the distribution of the earth’s surface into land 
and water ; and with the general geographical features of the dif- 
ferent continents — their mountain-ranges, plains, and valleys, as 
well as with the general characters of the plants and animals 
that people their surface, — we shall proceed to explain more 
minutely the nature of the causes now modifying the crust of the 
earth. 

15. These modifying causes may be arranged under the follow- 
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ing heads : — The Atmospheric, or those operating through the 
medium of the atmosphere ; the Aqueous, or those arising from 
the opei-atious of water ; the Organic, or those depending on 
vegetable and animal growth ; the Chemical, or those resulting 
from the chemical action of substances on each other ; and the 
Igneous, or such as manifest themselves in connection with some 
deep-seated source of heat in the interior of the globe. These 
causes, being dependent on the original constitution of our 
planet, are of course everywhere present, and in ceaseless opera- 
tion ; acting silently and almost imperceptibly in one region, and 
violently, and on a gigantic scale, in another ; scarcely appreci- 
able in their results at one period, and producing at another the 
most extensive alterations on the surface-configuration of the 
earth. 


Atmospheric Agencies. 

16. Of these modifying causes, the atmospheric, though not 
the most powerful, are by far the most general in their opera- 
tions. The atmosphere envelopes the earth on every side ; acts 
mechanically by its currents of wind, chemically by the gases of 
which it is composed, and vitally in its being indispensable to 
vegetable and anuual life. Thus winds blow and drift about all 
loose material, carrying them away from one spot, and piling them 
up in another. In this way extensive sandy tracts are formed 
along the shores of many countries, and the loose sands of the 
African deserts are carried forward year after year over new 
exjianses. The gases of the atmosphere (oxygen, nitrogen, and 
carbonic acid), partly by their own nature, and partly by the 
moisture always less or more present in the air, exert a wasting or 
weathering influence on all rock-surfaces — softening, loosening, 
and crumbling them down, to be the more readUy borne away by 
currents of wind and water. Frost is also a piowerful atmospheric 
agent. Tlie rain and moisture that enter into the fissures of 
cliffs, and between the particles of all rocky matter, are often 
frozen during winter, and in this state of ice expand and force 
apart these rocks and particles. When thaw comes, the loosened 
particles fall asunder, and thus, in all latitudes where frost occurs, 
vast waste is every winter eflected. It is also by the action of 
frost that the av^nche, ghocier, and iceberg are formed : the 
avalanche of snow and ice which is launched from the mountain 
aide, carrying masses of rock and soil before it — the glacier or ice- 
lake that forms in the mountain glen above, and slowly grinds its 
way to the valley below — and the iceberg, detached from some 
arctic shore, that floats its burden of rock and gravel to warmer 
latitudes, there to drop them on the bottom of the ocean. As 
the difiuser of heat, and light, and moisture, the atmosphere 
exerts important influences on vegetables and animals, making the 
surface teem with life in one region, and rendering it a barren 
and solitary waste in another. The electric discharge of the 
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thunder-storm, which occasionally shivers cliffs, is also elaborated 
in the atmosphere ; and it is the medium in which vapours, rains, 
hail, snow, and other aqueous manifestations, are incessantly 
engendered. 


Aqueous Agencies. 

17. The modifying causes arising from the operations of 
water are in like manner universal and incessant. This aqueous 
AGENCY manifests itself most prominently in the mechanical 
effects of rains, springs, streams, rivers, waves, tides, and oceanic 
currents. Every shower that fells exerts a degrading or wasting 
influence on rocks, soils, and all exposed surfaces. By entering 
the pores of rocks and soils, rain softens and loosens their 
cohesion, and thus renders them more easily acted upon by 
currents of wind or water. Land-floods or freshets also arise 
from rains, the melting of snow, and hail-storms ; and the periodi- 
cal rains of the tropics produce inundations and similar pheno- 
mena. Springs, which are discharges of water from the earth, 
act both chemically and mechanically on the crust. Hot springs, 
and those whose waters contain carbonic acid, act chemically, by 
dissolving the rocks through which they percolate in the crust of 
the earth ; and when they come to the surface, they deposit the 
matter which they held in solution. Such springs are knowm as 
mineral springs, and generally indicate the kind of rock or mine- 
ral tlirough which they have passed. Thus some are saline, or 
contain salt ; some chalybeate, or contain iron {chalyhs, iron) ; 
some calcareous, or contain lime [calx, lime) ; some siliceous, or 
contain flint {silex, flint); while others give off sulphureous 
vapours, and various mineral admixtures. Such springs act 
chemically in dissolving and re-depositing mineral matter ; and 
they act mechanically, in wearing and transporting, like all 
running waters. Streams and rivers act chiefly in a mechanical 
way, and their influence depends partly on the nature of the rocks 
over which they run, the rapidity of their currents, and their 
sjze or volume of water. If the rocks tlirough which they pass 
be of a soft and crumbling nature, they soon cut out channels, 
and transport the water-worn material, as mud, sand, and gravel, 
to the lower level of some lake, or to the bed of the ocean. Their 
cutting, as well as transporting power, is greatly aided by the 
rapidity of their currents ; hence the power of mountain torrents 
compared with the quiet and sluggish flow of the lowland river. 
The effect of rivers on the crust is thus twofold — namely, to 
waste and wear down the higher lands, and to bear along the 
material, and deposit it in viuleys, in lakes, or in the ocean, in 
layers of mud, sand, and gravel. By such deposits lakes are 
silted or filled up, and become alluvial valleys ; estuaries con- 
verted into level plains ; and even large tracts reclaimed from 
the sea. As with rivers, so with tides, waves, and ocean currents ; 
they all waste and wear away the sea-cliffs in one region, and 
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deposit the degraded mateiial (cfe, down, and gradus, a step — 
worn down step by step) in the state of mud, sand, gravel, and 
shingle in some sheltered locality. 

18. By the operations of water, as described in the preceding 
paragraph, vast changes have been effecte«l, and are still in pro- 
cess of being effected, on the surface of the globe. There is 
scarcely a country in the world which does not present numerous 
glens and ravines and river-channels, all cut through the solid 
strata by the action of water ; hence known as vaUeys of erosion, 
{erosus, gnawed or wasted away). The rocky matter thus ground 
and worn away is borne down by every flood, in the state of 
mud, sand, gravel, and shingle ; and when the water comes to 
rest, these fall to the bottom as sediment, {sedere, to settle or sink 
down). Every person must have observed the rivers in his own 
district, how they become muddy and turbid during floods of 
rain, and how their swollen currents eat away the banka, deepen 
the channels, and sweep away the sand and gravel down to some 
lower level. And if, during this turbid state, he will have the 
curiosity to lift a gallon of the water, and allow it to settle, he 
will be astonished at the amount of sediment or solid matter 
that falls to the bottom. Now, let him multiply this gallon 
by the number of gallons daily carried down by the river, and 
this day by years and centuries, and he will arrive at some 
faint idea of the quantity of matter worn from the land by 
rivers, and deposited by them in the ocean. In the same way as 
one river grinds and cuts for itself a channel, so does every 
stream and rill and current of water. The rain as it falls washes 
away what the winds and frosts have loosened ; the rill takes 
it up, and, mingling it with its own burden, gives it to the 
stream ; the stream takes it up and carries it to the river ; and 
the river bears it to the ocean. Thus the whole surface of the 
globe is worn and grooved and channeled — the higher places being 
continually worn down, and the wasted material carried to a lower 
level. By this process lakes are silted up and become marshes or 
plains, and estuaries and shallow seas are converted into tracts 
of alluvial land. Tlie delta of the Nile (so called from the A, qr 
delta-like shape of the space enclosed by the two main mouths 
of that river), the sunderbunds or river-islands of the Ganges, 
the swamps of the Mississippi and Amazon, are examples of such 
deposits on a large scale ; but every stream and current of water, 
however insignificant, is less or more performing a similar opera- 
tion. Such deposits, when examined, are found to consist ot 
layers of mud, vegetable drift, clay, sand, and gravel, containing, 
in greater or less abundance, the remains of plants and animals 
peculiar to the country through which the river flowed. In this 
manner layers or strata of sedimentary matter are forming at the 
present moment, and in like manner must they have been formed 
during all past ages of the world. 

19. The general tendency of aqueous agency, whether operat- 
ing as rivers or as tides, waves and ocean-currents, is to weai’ 
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down the higher portions of the earth’s crust, and transport the 
material as sediment to some lower level This sedimentary 
matter being merely floated (or mechanically suspended, as it 
is termed, in contradistinction to a chemical solution) in the 
current, the moment the water assximes a state of quiescence it 
begins to fall to the bottom. The heavier bodies, as shingle and 
gravel. Ml first, next the finer particles of sand, and ultimately 
the light flocculent mud or clay. In this way we can account for 
the gravelly beach of one district, the sandy shore of another, and 
the muddy bottom of a third. The clayey mud of the great 
Chinese rivers is carried far out into the Yellow Sea, thereby 
giving it a name, and rapidly converting it into a shallow basin ; 
the turbid watera of the Ganges discolour for many leagues the 
Bay of Bengal ; and the mud of the Amazon is observable many 
hundred miles out in the Atlantic. Thus, year after yeai’ a por- 
tion of the Himalayan Mountains is deposited in the Bay of 
Bengal, and the waste of the Andes strewed along the bottom of 
the Atlantic. 


Organic Agencies. 

20. The ORGANIC agents tending to modify the crust of the 
globe are those depending on vegetable and animal life. The 
term organic (from the Greek organon, a member or instrument) 
is applied to plants and animals, as being supplied with certain 
organs or members for the purposes of nutrition and growth. 
Their structure is said to be organic, and they are termed organ- 
ised bodies in contradistinction to minerals, which are inorganic, 
and whose increase takes place by external additions, and not 
through the instrumentality of any peculiar organs. The growth 
and decay of vegetables are yearly adding to the soil, at the same 
time that they protect the surface from the wasting action of rain, 
frost, and the like. Accumulations of vegetable growth form 
peat-mosses, jungle, cypress and other swamps ; and the spoils of 
forests and the vegetable drift of rivers form rafts (like those of 
the Mississippi) — all of which are adding to the solid matter of the 
globe. Coal, as will afterwards be seen, is but a mass of mineral- 
ised vegetation ; and, under favourable conditions, submerged 
peat-mosses, jungles, forests, and drifted rafts, would form simi- 
larly mineralised deposits. As vegetable growth is specially in- 
fluenced by heat, moisture, and conditions of climate, so in certain 
regions will the influence of vegetation, as a modifying cause, be 
more felt than in others. As familiar instances of vegetable 
agency, we may point to the peculiar plants that spring up on the 
newly formed sand-dunes (downs or hillocks of blown sand) by the 
sea-snore, and protect the surface from being blown and scattered 
about by the winds ; to the peat-bogs of Ireland, Scotland, and 
Holland, often extending over thousands of acres, and varying 
from ten to forty feet in thickness; to the pine-rafts yearly floated 
down by the M^issippi ; to the cypress-swamps of Americii ; to 
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the “tarai” or jungle-swamps of India; and to the mangrove 
growth that binds and protects the mud islands of the Ganges and 
Niger. 

21. The manner in which animal life tends to modify the crust 
of the globe, is chiefly by adding their waste secretions or cover- 
ings. It is true that the bones and other remains of the larger 
animals are often buried in the mud of lakes and estuaries — there 
in time to form solid petrifactions ; but such an effect is trifling 
compared with shell-beds, infusorial accumulations, and coral- 
reefs. Thus, gregarious shell-fish — as oysters, cockles, and mussels, 
— live in beds of considerable thickness, and, if entombed among 
the silt of estuaries, will in time form beds of shelly limestone 
like those occurring in the solid crust of the earth. The recent 
discoveries of the microscope have shown that many accumula- 
tions of whitish mud in lakes and estuaries, as well as certain 
deposits in bogs and valleys, now silted up, are almost wholly 
composed of the siliceous and calcareous coverings of infusorial 
aniroalcules (so called from being abundantly found in putrid 
vegetable infusions). These flinty and limy cases are of extreme 
minuteness ; but being aggregated in countless myriads, they 
constitute thick layers, as in the estuary of the Elbe, in the plains 
of the Amazon, and in many of our own bogs ; just as the moun- 
tain-meal (berg-mahl of the Swedes), the edible clay of the Indians, 
and the polishing slate of Tripoli, are analogous deposits of older 
dates. In treating the rock-formations, we shall afterwards see 
what an important part these minute creatures have played in 
adding to the solid material of the globe ; and were the accumu- 
lations now taking place in our seas, and lakes, and rivers, in- 
vestigated with proper care, we should in all likelihood discover 
them still playing as important a part in the formation of solid 
material. 

22. By far the most notable, as it is undoubtedly the most 
wonderfiil, exhibition of animal agency — or rather of animal- 
chemical agency — is that of the conil zoophyte. Endowed with 
the power of secreting lime from the waters of the ocean, the 
coral animalcule rears its polypidom,, or rocky structure, {polypus, 
and domus, a house), in the warmer latitudes of every sea — and there 
constructs reefs and barriers round every island and shore, where 
conditions of depth and current are favourable to its development. 
Many of these reefs extend for hundreds of leagues, and are of 
vast thickness, reminding one of the strata of limestone belonging 
to the older formations. The zoophyte is apparently limited in 
its range of depth, operating only where perpetually covered by 
the tide, and downwarels to eighteen or twenty fathoms. Within 
this range it is ceaselessly active, — elaborating lime from the 
ocean, and converting it into a home for itself and its myriad 
progeny. Let any one examine a branch of common madrepore 
cor^, count the number of cells or pores in it, remember that 
each pore is the abode of an independent but united being, and 
then reflect on the thousands of miles of coral reef now in 
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process of formation, and he will be lost in reflection on the 
numerical exuberance of animal life. The coral-reef occurs in all 
stages of development, from the living and growing branch, to a 
compact and solid aggregation of limestone, scarcely to be dis- 
tinguished from some of the softer marbles. Partaking of the 
elevation or depression of the sea-bottom, and being subjeet to the 
influence of the waves and breakers, a coral-reef is not a mere 
narrow ledge composed of various b^utifuUy-formed corals, but 
a barrier of limestone more or less eompact, mingled with sand, 
shells, sponges, and other marine exuviae, and often presenting a 
surface above the waves weathered and converted into soil 
capable of sustaining a scanty vegetation. 


Chemical Agencies. 

23. The modifying causes resulting from chemical action are 
numerous and complicated. Thus, the accumulation of the coral- 
reef is partly a chemical process ; the operations of all mineral 
springs are more or less chemical ; and many of the phenomena 
connected with volcanoes and earthquakes may arise from a simi- 
lar source. Laying aside, in the mean time, the changes taking 
place in the interior of the rocky crust by which some strata are 
consolidated and hardened, others softened and dissolved away, 
metallic veins formed, and new compounds elaborated by the 
union of different substances, we shall confine our remarks to 
those chemical results which chiefly appear on the surface. The 
formation of the coral-reef, we have said, is partly a chemical 
process. The limy matter is no doubt secreted by the polype, 
but its subsequent consolidation into a compact rocky mass is 
the result of chemical action among the particles of carbonate of 
lime, of which it is almost wholly composed. The same sort 
of cohesion takes place among shell-beds and calcareous sands, 
often rendering them as hard and compact as ordinary building- 
stone. Deposits of limestone from what are termed calcareous or 
petrifying springs, are strictly of chemical origin, as are also the 
stalactites arising from the dropping of calcareous water from the 
roofs of caverns, and the stalagmites which incrust their floors. 
In this way are formed porous calcareous tufa or calc-tuff, compact 
calc-sinter {sintem, to orop), the travertin of Italy, and other eal- 
careous aggregations. As with lime, so in like manner with flint 
or silex — many hot springs like those of Iceland and the Azores 
depositing siliceous incrustations {siliceous-sinter), or permeating 
loose material, and binding them together with a hard flinty 
cement. Clay or alumina, sulphur, and other mineral matters, 
are also deposited largely from springs, or arise as sublimations 
from fissures connected with volcanic action. Deposits of salt, 
natron, and the like, are also of chemical origin ; and under the 
same head may be classed all asphaltic or bituminous exudations, 
like the pitch lakes of Trinidad and Barbadoes. 
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Igneous or Volcanic Agency. 

24. The last and moat important of the modifying causes to 
be noticed, are those depending on igneous or volcanic agency 
{ignis, fire). The operation of water, whether in the form of 
rain, rivers, or waves, is to wear down the higher portions of 
the earth’s crust, and transport them to lower localities — thus 
tending to reduce all to one smooth and uniform level This 
equalising tendency of water is mainly counteracted by the opera- 
tions of fire — the earthquake and volcano breaking up, elevating, 
and producing that diversity of surface so indispensable to variety 
in vegetable and animal life. These two forces — the aqueous and 
igneous — may be considered as antagonistic to each other, and to 
them may be ascribed the principal modifications that have taken, 
or are still taking place, in the crust of the globe. Igneous agency, 
as depending on some deep-seated source of heat with which we are 
but little acquainted, manifests itself in three grand ways — viz., in 
Volcanoes, in Earthquakes, and as a Gradually Elevating Force. 

25. The effect of volcanoes is to elevate either by simple ex- 
pansion and upheaval of the crust, or by the repeated accumula- 
tions of matter ejected from their interior. We can readily con- 
ceive of large areas of the earth’s crust being fractured and borne 
up by volcanic force from beneath, and in this way many of our 
mountain-chains and hill-ranges have primarily originated. At 
certain places openings or craters occur (so called from their cup- 
like form, krcuter a cup or bowl), and from these are ejected at 
intervals molten lava, fragments of rock, ashes, dust, hot mud, 
and various gaseous exhalations. Flowing from the crater over 
the surrounding country, the lava, after cooling, frequently forms 
thick layers of rocky matter, varying in compactness from hard 
basalt to open and porous pumice-stone. Ashes, dust, and mud 
accumulate in a similar manner, eruption after eruption adding to 
the height of the mountain, and ultimately giving to it a conical 
form. Li this way have the cones of Etna, Vesuvius, and Hecla 
been formed ; and in this way have these eruptions modified the 
surrounding country, filling up valleys, creating crara and cliffs, 
enveloping fields, and burying cities, as in the case of Pompeii and 
Herculaneum. As with these within the historic period, so with 
upwards of two hundred others in various parts of the globe ; and 
looking at many of our older hills and mountain-ranges, we discover 
abundant proofs of a similar origin and mode of formation. As 
yet we have spoken of volcanoes as taking place only on land ; but 
we have also evidence of their occurrence in the ocean, creating 
shoals and islands like many of those in the Pacific. In the one 
case, volcanoes are termed svb-aerial, in the other sub-aqv£Ous. 
When taking place under water, the volcanic discharges of lava 
and ashes wUl be interstratified and mingled with the sediment- 
aiy matter of the ocean — an occurrence we shall afterwards find 
very common among the older rock-formations. 
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26. Earthquakes, which are intimately associated with vol- 
canoes, produce modifications of the earth’s crust chiefly by frac- 
ture, subsidence, and elevation. During their convulsions the 
level plain may be thrown into abrupt heights, rent with chasms 
and ravines, or even be submerged beneath the ocean. Their 
general tendency is, therefore, like that of volcanoes, to diversify 
the surface of the globe, and to render irregular what aqueous 
agency is pei-petually striving to render smooth and uniform. 
During violent convulsions, extensive alterations are sometimes 
produced on the face of a country ; and of such we have frequent 
and abundant record within the historical era. Even within the 
present century, we know that a large tract at the mouth of the 
Indus was submerged, while a new district was raised from be- 
neath the ocean ; that the coast of Chili for many leagues was 
permanently elevated from six to ten feet ; and that in the West 
India Islands, harbours have been sunk, towns destroyed, and 
rivers changed from their former courses. 

27. The gradually elevating forces connected with igneous 
agency are less obvious than the volcano and earthquake, but not 
on that account the less important or general. At present it is 
known, from repeated observation, that the shores of the Baltic 
are gradually rising above the waters ; and large tracts along the 
western shores of South America exhibit similar uprises. Such 
uprises, not being very perceptible, are apt to be under-estimated, 
or even disregarded ; but when we cast our eye along the shores 
of our own island, and discover various ancient beaches or shore- 
lines stretching along above the present sea-level, at elevations 
varying from ten, twenty, forty, and sixty, to one himdred feet 
and upwards, we ai'e then prepared to admit that such gradual 
uprises must be extensively modifying the appearance and con- 
ditions of the globe. We know that the generic distribution of 
plants and animals is governed, in a great measure, by altitude 
above the sea ; and one can readily perceive how such gradual 
uprises of the land must be gradually changing the character and 
distribution of the life upon its surmce. Nor is it terrestrial ex- 
istence alone that is influenced by such upheavals ; the sea-bottom 
is partaking of the same uprise, and marine life is even more 
sensitive than terrestrial to changes of depth and sea-bottom. 


RECAPITULATION. 

In the preceding chapter we have given a general outline of 
the causes now tending to modify the crust of the earth ; that is, 
of the principal agencies concerned in the production of all geo- 
logical change. These, we have said, were the Atmospheric, the 
Aqueous, the Organic, the Chemical, and the Igneous, or Volcanic. 
By one or other of these agencies, or by a combination of them, 
are all the changes now taking place on the globe eflected ; and as 
we are warranted in concluding that these agents have similarly 
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operated through all previous time, so to them must be ascribed 
the formation and structure of the solid crust. Rains, winds, and 
frosts must have always weathered and worn down ; springs, 
streams, and rivers, must have always cut for themselves channels, 
and transported the eroded material to lakes and seas, there to be 
spread out in layers or strata ; and in these accumulations mu.st 
the remains of plants and animals have been entombed, some 
swept from the land, and others buried as they lived in the waters. 
In this way, and by calling in the aid of chemical and organic 
agency to explain the occurrence of certain mineral dejwsits and 
accumulations of vegetable and animal growth, we can account 
for the formation of all rocks which occur in layers or strata On 
the other hand, as volcanic agency now breaks up the crust of the 
earth, elevating some portions and submerging others, and anon 
casting forth, from rents and craters, masses of molten matter, and 
showers of dust and a.shes, so in former times must the same 
agency have fractured and contorted the solid strata, and cast 
forth molten matter, which, when cooled down, would form rock- 
masses, in which no layers or lines of deposit would appear. Be- 
sides modifying the earth’s crust by upheaval and disruption, 
volcanic agency also produces a peculiar class of rocks ; and these 
are found .abundantly in all regions, from the recent lavjis of Etna 
.and Vesuvius, to the basalts, greenstones, and granites of our own 
hills. We have thus, on and within the globe, a variety of agents 
ceaselessly active, .and ceaselessly productive of change. The result 
of their operations is, .and has ever been, the production of new 
rocks and new rock arrangements ; and these we shall now pro- 
ceed to consider. 


III. 

GENERAL ARR.VNGEMENT, STRUCTURE, AND COMPOSITION OF THE 
MATERIALS CONSTITUTING THE CRUST OF THE GLOBE. 

28. Laying aside all speculations as to the interior constitution 
of the globe, concerning which we can know nothing by actual 
observation, we are warranted in s.aying, that the external portion, 
or crust, accessible to human research, is composed of a variety of 
solid substances known as rocks. No matter whether in the form 
of soft and yielding clay, of loose sand and gravel, of beds of 
chalk and sandstone, or of masses of granite — aU are termed by 
geologists, rooks and rock-formations. Of such substances is the 
crust of the earth composed, and in one form or other we pass 
through them wherever we go beneath the surface — whether 
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tunneling through the hilLs, or sinking coal-mines in the level 
valleys. How these rocks are arrang^, and of what they are 
composed, are the subjects of our present inquiry. 


Stratified or Sedimentary Arrangement. 

29. Judging from the operations of the modifying causes ex- 
plained in the preceding chapter, one would naturally infer 
that aU matter deposited as sediment in water would be arranged 
in layers along the bottom. Fine mud and clay readily arrange 
themselves in this manner, and sand and gravel are also spread 
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Stratified ArranSeraent of Sediment. 

out in layers or beds more or less regular. In course of time a 
series of beds will thus be formed, lying one above another in 
somewhat parallel order, thicker, it may be, at one place than 
another, but still preserving a marked horizontality, and showing 
distinctly their lines of separation or deposit. Thus the miscel- 
laneous debris (a convenient French term for all waste or worn 
material, wreck or rubbish) borne down by a river will arrange 
itself in such layers along the bottom of a lake — the shingle and 
gravel falling first to the bottom, next the finer sand, and, lastly, 
the impalpable mud or clay, as represented in the preceding 
diagram. In course of time a series of layers will be formed, not 
perfectly parallel, one above another, like the leaves of a book, but 
still spread out in a flat or horizontal manner. One cannot look 
at the face of a quarry, or pass through a railway-cutting, without 
observing how very generally the rocks are arranged in beds and 
layers. These layers are technically known as strata ; hence all 
rocks arranged in layers — that is, arising from deposition or sedi- 
ment in water — are termed aqueoxis^ sedimentary, or Gratified. 


Igneous or Unstratified Arrangement. 

30. On the other hand, when we examine the rocky matter 
ejected from volcanoes, we observe no such lines of deposit, and 
no such horizontality of arrangement. In general, they break 
through the stratified rocks, or spread over them in mountain 
masses of no determinate form — here appearing as walls, filling 
up rents and chasms, there rising up in huge conical hills — and in 
another region flowing irregularly over the surface in streams of 
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lava. When such rocks are quarried or cut through, they do 
not present a succession of layers or strata, but appear in amor- 
phoiis masses ; that is, masses of no regular or determinate form, 
(a, without, and morphe, form or sliape). Thus, in connection 
with the stratified rocks, they present something like the annexed 
appearance, — AAA being stratified or sedimentary rocks, B B 
being the igneous. 



Stratified aod Unstratified Rocks. 


Referring to their origin, they are spoken of as igneous or vol- 
canic; and in contradistinction to the aqueous rocks, they are 
termed the unstraiijied. We have thus, in the crust of the 
globe, two great divisions of rocks, the stratified and unstra- 
tified — the one depending on the operations of water, the other 
resulting from the operations of fire ; and, as we shall afterwards 
see, to one or other of these divisions do all rock -formations 
belong, however much broken up, displaced, and contorted, or 
how great soever the changes that have subsequently taken place 
in their mineral composition. 

31. Having been spread or strewn over the bottom of seas and 
lakes in the form of sediment, the original position of the strati- 
fied rocks must have necessarily been less or more horizontal. 
A bed of mud, for example, may be thicker in one part than in 
another, or it may thin out and altogether disappear, its place 
being taken by a deposit of sand or gravel ; but still its general 
deposition is flat or horizontal. The stratified rocks, when broken 
up^by earthquakes and volcanoes, will lose this horizontal ity, and 
be thrown into positions more or less inclined and irregular. Nay. 
by the violent and repeated operation of volcanic forces, they may 
be thrown on edge, may subside in basin-shaped troughs and hol- 
lows, or be bent and contorted in the most strange and fantastic 
manner. Such appearances are frequent in sea-chfis, in the sides 
of ravines, in railway-cuttings, and in quarries ; and geologists 
speak of such faces or exhibitions of strata as «ectton« — that is, cut- 
tings through, exhibiting the order of relation among the several 
sti-ata. The following section, for instance, exhibits strata at A 
in a horizontal position ; at B in an inclined position ; at C in a 
highly inclined position, or on edge ; and at D, thrown or tilted up. 



Horizontal and Inclined Stratification. 


The angle at which a stratum inclines to the horizon is called its 
dip ; and strata are accordingly said to dip at an angle of ten, 
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twenty, or thirty degrees, as the case may be. When an inclined 
stratum comes to the surface, as at E, its edge is called the ovtcrop, 
and the line of outcrop is termed its strike. Thus we speak of the 
strike of a stratum being from east to west, and its dip to the north 
or south. When strata dip in opposite directions from a ridge or 



Uncoaformabie. Bent, and Contorted Strata. 


line of elevations as at F, the axis is termed anticlinal or saddle- 
hack ; and when they dip towards a common line of depression, as 
at G, the axis is said to be synclinal, and the depression so formed 
is spoken of as a trough or basin. When bent and twisted, as at 
H, they are termed contorted; and the frequent bendings are 
spoken of as fle.vures. When strata lie upon each other in parallel 
order, they are said to be conformable ; but when one set reclines 
upon another at a different angle, as at K, they are termed uncon- 
formahle. In the diagram, for example, the horizontal series at K 
are unconformable to, or rest uncomformahly on, the inclined series 
beneath them. 

32. Rocks of igneous origin present themselves in the crust of 
the earth, either as disrupting, interstratified, or overlying msisses. 
Thus, when igneous matter forces its way through the stratified 
rocks, and fills up the rents and fissures, it is termed disrupting, 
as at A ; when, having passed through the strata, it spreads over 
their surface in sheet-like masses, as at B, it is then said to be 
overlying ; and when these discharges have taken place at the 
bottom of the sea, and have been in turn covered over by new 
deposits of sediment, they then appear as interstratified with the 
true sedimentary rocks, as at C. Occasionally the interstratified 
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Overlying, Interstratified, and Disrupting Masses. 


matter appears to have been ejected in the state of dust and a.shes, 
and to have subsided as sediment in the ocean, there to be covered 
up by true aqueous debris ; but in such cases, an examination of 
the particles of the rock will generally determine its igneous origin. 
"Where volcanic dust and mud have mingled themselves with the 
sedimentary matter of the ocean, and been subsequently consoli- 
dated into strata, it is often impossible to distinguish between 
such compounds and rocks of true aqueous origin ; and for all prac- 
tical purposes they may be regarded as ordinary sedimentary rock.s. 

33. The fissures and fractures produced in the rocky crust by 
volcanic agency are known by such terms as faults, slips, hitches, 
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&c. ; and when filled up with injections or infiltrations of mineral 
matter, they are sjx)ken of as dykes, lodes, and veins. In the an- 
nexed diagram, A represents a slip or hitch, where one portion 
of the strata seems simply to have slipped down, while another por- 
tion has been hitched up ; B represents a fault, where the strata are 
not only displaced, but thrown up at different angles ; C a dyke, 
where the fissure has been filled with igneous matter, in the form 
of a dyke or wall ; and D a suite of lodes or veins passing partly 



throxigh unstratified and partly through stratified rocks. Into the 
origin of these displacements the student at this stage is not requir- 
ed to enter, further than to remember that the tendency of every 
earthquake and volcano is to rend and shiver the solid strata ; that 
where the shock is unaccompanied by discharges of igneous mat- 
ter, the fissures will simply be slips and faults ; that where it is 
accompanied by igneous discharges, the molten m,atter will force 
its way through, and fill up the fissures, producing dykes ; and 
that where the rents are subsequently filled up by infiltrations of 
mineral and metallic matter, the result will be lodes and veins. 


Structure and Texture of Rocks. 

34. Having seen that the crust of the earth is composed of 
stratified and unstratified rocks, and that these have been fre- 
quently broken through and displaced by volcanic agency, the 
student should next acquaint himself with the structure and 
mechanical characteristics of the different rock masses. The 
terms employed to designate the external structure are not very 
numerous, nor are they very difficult to be remembered. Thus, 
sj)eaking of stratified rocks, we employ the terms stratum and 
bed, when the deposit is of some thickness ; layer or band, when 
it is thin, and holds a subordinate place among other strata ; 
and seam, when a rock of a peculiar character occurs at intervals 
among a series of strata. For example, the miner speaks of a 
seam of coal occurring among strata of clay and sandstone, and of 
a layer of ironstone occurring in a bed of shale. Though the 
terms bed and seam are thus loosely used by many geologists as 
synonymous with layer and stratum, bed ought to be applietl 
only to the surface junction of two different strata, and seam to 
the line of separation between them. Thus the upper surfece of a 
stratum may be smooth, or it may be rough and irregular, and 
the under siufface of the stratum laid above it must partake of this 
smoothness or this irregularity : this is bedding ; the line that 
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marks this separation between two strata is the seam. When 
certain kinds of strata split up into thin plates or laminae, they 
are said to be slati/, flaggy., fissile, and shaly. Koofing-slate, for 
instance, is fissile or slaty ; some sandstones used for paving are 
spoken of as flags or flagstones. When igneous rocks appear in 
columns, like the basalts of Staffa and the Giant’s Causeway, 
they are termed columnar ; and when the columns are irregular 
and not very distinct, they are said to be sub-columnar. Certain 
greenstones (called whinstones in Scotland, and ased for road- 
making) appear in large square-like blocks — a structure which is 
styled tabular or cuboidal ; and when igneous rocks of this class 
break up in masses of no regular shape or form, they are termed 
massive or amorphous. 

35. The internal structure of rocks is also designated by terms 
expressive of the appearances they present when broken up by 
the hammer. Thus a rock is said to be granular when made up 
of distinct grains or particles, like granite ; saccharoid (like loaf- 
sugar) when the grams have a uniform ciystalline aspect, as in 
many statuary marbles ; porous when full of pores or of open 
texture like pumice-stone ; vesicular or cellular when full of little 
cavities like certain kinds of lava ; fibrous when the texture is 
composed of fibres like asbestos ; and acicular, or needle-shaped, 
{acus, a needle), when the fibres are distinct and pointed. Coiv- 
glomerates are rocks composed of water-worn pebbles — in other 
words, consolidated gravel ; and breccias, or rocks of brecciated 
structure, are those in which the fragments are sharo and angular, 
from the Italian breccia, a crumb or fragment. When a rock is 
easily broken or crumbled down, it is said to be friable ; earthy 
when the texture is soft and dull ; compact when of close and firm 
texture ; crystalline when sparkling or shining ; and sub-crystalline 
when the lustre is somewhat dull and less apparent. The preced- 
ing are the terms most frequently employed by the geologist in 
describing rocks and rock-masses ; the minuter distinctions of 
minemls, and the crystals of which they are composed, belong 
more especially to the study of Mineralogy. 


Mineral Composition of Rocks. 

36. The composition of the rocks constituting the crust of the 
globe may be viewed in two ways, either chemically or mineralo- 
gically. To the chemist every substance in natiu-e is resolvable 
into certain primary elements ; and of such elements about sixty 
have been discovered — some gaseous, some liquid, some solid, some 
metallic, and others non-metallic. In examining a piece of marble, 
for example, the chemist resolves it into carbonic acid and lime ; 
or, more minutely, into oxygen, carbon, and a metallic element 
called calcium. It is enough for the mineralogist, on the other 
hand, to know that it is a limestone, and to describe it as pure or 
impure, as soft or compact, as earthy or crystalline. The geologist. 
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again, regards more especially its position and mode of occur- 
rence, with what rocks it is associated, what fossils are imbedded 
in it ; and, from these and other data, endeavours to arrive at the 
conditions under which it was formed, and the aspect of the 
world at the period of its formation. In drawing such conclu- 
sions, he is greatly aided by the deductions of chemistry and 
mineralogy ; hence the importance of these sciences to the practical 
geologist. For elementary purposes it is enough to know the 
more familiar chemical substances and their leading compoimds, 
such as the gases, oxygen, hydrogen, nitrogen, and chlorine ; the 
metals, iron, gold, silver, copper, lead, zinc, tin, mercury, man- 
ganese, arsenic, and antimony ; the metallic bases, sodium, potas- 
siiun, aluminum, calcium, and magnesium, which, when united 
with oxygen, form the earths and Mkalies — soda, potass, alumina 
or pure clay, lime, and magnesia ; and the non-metallic bodies, 
silicon {^hx, flint), carbon, sulphur, and phosphorus. For the 
same purpose the student should endeavour to make himself 
familiar with a few of the leading minerals and rocks ; and this 
he cannot more easily do than by the examination of specimens 
in a cabinet or museum. The following explanatory list may aid 
him at this stage of his studies : — 

Sand — Gravel — Shingle. — Sand is an aggregation of water- worn particles, 
derived from rocks and solid substances ; it is generally composed of quartz- 
grains, but may also be composed of particles of shells, &c. Gravel is the 
term api)lied when the jwrticlos or fragments varj' from the size of a pea 
to that of a hen’s egg ; and shingle, when the fragments are larger and less 
rounded than those of gravel. 

Sandstone — Grit — Conglomerate. — Sandstone is simply consolidated sand, 
the particles having been compacted by pressure, or held together by lime, 
clay, oxide of iron, or some other cementing material. Grit is the term 
applied when the particles are hard and angular, that is, “sharper” than in 
ordinary sandstones. Conglomerate, sometimes known as is 

a compact aggregation of gravel and pebbles of all sizes — in other words, 
consolidated gravel. 

Mud — Clay — Silt. — These terms are applied to the fine impalpable parti- 
cles of matter worn and borne down by water, and deposited at the bottom 
of seas and lakes. Mud and silt, as composed of miscellaneous debris, are 
more friable than clay, which is plastic, and consists of siliceous and alumin- 
ous particles. 

Shale—Slate — Claystone. — Shale is merely consolidated mud and silt, 
assuming a structure less or more laminated or slaty. In slate the clayey 
imrticles predominate, and the consolidation is often so perfect that the rock 
assumes a semi-crystalline aspect. Claystone is massive and not slaty, and 
is of various origin. Clayey or argillaceous (argilla, clay )rocks, when breathed 
on, emit a peculiar and distinctive odour, which is easily recognised. 

Marhle — Limestone — Chalk — Mart. — The basis of all these rocks is car- 
bonate of lime ; that is, lime in chemical union with carbonic acid. The 
term marble is applied to the compact and crystalline varieties used for orna- 
mental and statuary purposes ; limestone, to theduller and less compact kinds 
used for mortar and in agriculture ; and chalk, to the softer and earthier 
varieties. Marl is a loose term generally applied to friable compoimds of 
lime and clay, and called clay-marl or marl-clay, as the one or other ingre- 
dient predominates. As limestone is dissolved wth violent effervescence by 
sulphuric and muriatic acids, its presence may be easily detected by a drop 
of either of these liquids. 
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Gypsum — SeUniU — Dnlomite. — Gypsum or stucco-rock is sulphate of lime, 
which, when calcined, forms the well-known pla-ster-of-Paris. Selenite is 
the term given to gypsum when crystallised and transirarent. Dolomite 
(after the geologist Dolomiou) is a crystalline magnesian limestone ; that is, 
a variety of limestone containing a large per-centage of magnesia. 

QuarU — Quartz-rock — Flint — Chert. — TTie b.asis of aU these minerals is 
silex. Rock-crystal is pm-o crystallised silox ; guartz is an impure silex, as 
the clear hard crystals of granite, and the hard grains of sandstone. (Quartz- 
rock is massive quartz occurring in veins or strata. Flint is impure nodules 
of silex ; and chert is an admixture of flint .and limestone. 

FeUpar — Felspar-rock. — The laminated glaasy-looking crystals occurring 
in granite are of felspar. They can be scratched with a knife, while the 
quartz crystals resist it. Felspar-rock and felspar-porphyry are amorphous 
rocks of felspar forming mountain masses. 

Mica — Mica-schist. — The glistening, scaly, and transparent portions of 
granite are mica, so oidled from the Latin verb mico, I glisten. It forms 
the principal ingredient in a set of slaty rocks called mica-schists ; and it 
occurs in minute scales in many sandstones, giving to them a silvery 
appearance. 

Talc. — A transparent magnesian mineral resembling mica, but softer and 
not elastic. It enters largely into the early slates, called talcose slates or 
talc-schist. When ma.s.sive it forms talc-rock. 

Hornblende — A uyite — Hypersthme — A ctynolite. — These aroall dark, dark- 
green, or greenish-grey prismatic-like crj'stals, occurring largelj' in all the ear- 
lier and igneous rocks. They are closely allied in chemical composition, but 
differ in form and external aspect. Thus, hornblende (so called from its 
homy -like cleavage) generally occurs in larger crystals, is more siliceous, 
and of less gravity than augite ; hypersthene is most frequently of a green- 
ish hue, and in bladed crystals ; wMe actynolitc {actin, a thorn) occurs in 
most slender and thomy-looking crystals. There are more minute and 
certain mineralogical differences, but at this stage the above may assist the 
beginner in his discriminations. 

Granite — Syenite — Protogine — Oneis.s. — Ordinary granite is composed of 
crystals of quartz, felspar, and mica. When mica is wanting, and its place 
supplied by hornblende, the rock is called syenite, fromSyenein Upper E^-pt, 
where it occurs in abundance ; and when talc takes the place of mica, the 
rock is known by the name of protogine. There arc several varieties of 
graidto, arising from such interchanges of minerals. Gneiss is a stratified 
rock composed of the .same ingredients as granite, and apparently derived 
from its aisintegration. 

Basalt — Greenstone — Trap-rock — Trachyte — Lava. — These are rocks of 
igneous origin essentially composed of augite and felsjmr, with admixtures 
of hypersthene, hornblende, &c., and are chiefly distinguished by their hard- 
ness, compactness, and colour. Basalt is a close-grained, dark-coloured rock, 
often occurring in columns more or less regular ; greenstone is not so close 
in the grain, is lighter in colour, and occurs either in tabular or amorphous 
masses. Trap-rock (so called ftom the step-like aspect it gives to hiUs com- 
j>osed of it) is a name which includes a great variety of igneous rocks, the 
general characters of which are easily recognised in the field. Basalt and 
greenstone may be included under the term trap, but the n.ame is more gen- 
erally apjdied to the looser and loss crystallised mosses, known as trap-tuff, 
wacke, amygdaloid, &c. Trachyte is a trap or volcanic rock, so called from 
its rough, meagre feel (trachys, rough). Lava, the name given to all molten 
discharges from recent volcanoes. 

Chlorite (from the Greek word chloros, greenish-yellow) is a mineral of a 
groenisli-black colour, and generally of a foliated structure, in which condi- 
tion it forms the principal ingredient in the greenish rock called chlorite slate 
or chlorite schist. Soft earthy varieties are known as green-earth. 

Steatite — Soapstone — Serpentine. — All rocks containing steatite have a 
greasy or soapy feel, and are in this way easily distinguished. On this 
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account some varieties have been termed soapstones. Serpentine, so called 
from its varying colours (like the back of a serpent), is one of the magnesian 
minerals. Chlorite is a common ingredient in these rocks. 

Salts. — Salts of soda and potash, which occur in plains and marshes, are 
easily distinguished. Common salt, which is found in all sea-water, in many 
springs, and in vast masses, os rock-salt, is a chloride of sodium. 

Bitumen is an inflammable mineral substance, found limpid as in naphtha, 
liquid as'in rock-oil or petroleum, slaggy as in mineral pitch, and solid as in 
asphalt. It can likewise be distilled from coals and bituminous shales. 

Coal — Anthracite — Jet — Lignite. — Coal is a well-known mineral, and may 
be briefly described as mineralised vegetable matter. It occurs in many 
varieties, as anthracite, which is non-bituminous, caking-coal, cannel-coal, 
&c., which are all less or more bituminous. Jet is a compact lustrous var- 
iety of coal usually worked into ornaments ; and lignite (lignum, wootl), or 
brown-coal, is a variety of recent formation, in which the woody structure 
is distinctly apparent. 

The Metals WTO either found native — that is, in a pure state— or combined 
with mineral matter, in the condition of ores. Gold and silver are often 
found native in pellets or nuggets ; almost aU the other metals occur in ores. 
Galena, for instance, is a sulphuret of lead ; the little yellow cubes found in 
roofing-slate are iron pyrites, or sulphuret of iron ; the brilliant green mala- 
chite, used for brooches, &c., is a carbonate of copper. 


RECAPITULATION. 

The object of the foregoing chapter has been to point out the 
arrangement, the structure, and composition of the rocks constitut- 
ing the crust of the globe. Wherever a section of the crust has 
been exposed, whether in natural cliffs and ravines, or in artificial 
quarries and mines, the rocks are found to be arranged either in 
layers or in indeterminate masses. Those arranged in layers have 
been evidently formed by the agency of water — those in shapeless 
masses by the agency of fire. The one set are termed the stratified, 
aqueous, or sedimentary — the other the unstratified, igneous, or 
volcanic. As a natural consequence of their origin, the igneous 
rocks break through, displace, and derange the original horizontal 
strata, which now appear inclined at various angles, fractured and 
contorted. The positions of the stratified rocks are indicated by 
such terms as plane, inclined, on edge, anticlinal, synclinal, bent 
and contorted. Their dip or inclination is measured in reference 
to the horizon ; their strike or line of outcrop is ti-aced along the 
surface. The positions of the igneous rocks in reference to the stra- 
tified are spoken of as disrupting, overlaying, and interstratified ; 
and the fractures or rents caused by volcanic convulsion, as fissures, 
faults, dykes, and veins. The structure and texture of rocks, 
whether of aqueous or of igneous origin, are distinguished by a 
variety of terms expressive oftheir appearance as they occur in the 
crust, or when broken up with the hammer. Thus the layers of 
the stratified rocks are spoken of as strata, beds, seams, bands, flags, 
and schists, according to their thickness ; while the unstratified 
occur as columnar, subcolumnar, tabular, massive, and amorphous. 
As to the texture or internal structure of rocks, it is extremely- 
varied, and is defined by such obvious terms as hard, compact, crys- 
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talline, saccharoid, granular, porous, vesicular, and the like. The 
composition of rocks, wehaveseen, may be viewed either in a chemi- 
cal or mineratogical light ; but, in whatever light they may be 
viewed, it is enough for the beginner in geology to be able to dis- 
tinguish, at sight, such ordinary rocks as sandstone, conglomerate, 
shale, clay-slate, limestone, chalk, gypsum, coal, quartz, mica, fel- 
spar, granite, gneiss, greenstone, basalt, trap-tuff, lava, and a few 
of the ores of the more abundant metals. 


IV. 


CLASSIFICATION OP THE MATERIALS COMPOSING THE EARTH’S 
CRUST INTO SYSTEMS, GROUPS, AND SERIES. 

37. In order to arrive at a knowledge of the past conditions 
of the earth, it is necessary to examine not only the mineral cha- 
racters of the different strata, but to ascertain the nature of their 
fossils, their order of superposition, and other relations. By such 
an investigation we are enabled to determine their relative ages, 
to judge whether they were deposited in lakes, in estuaries, or in 
seas, and to say what kind of plants and animals flourished at the 
time of their formation. At the present day, the layers of mud, 
clay, sand, and gravel depositing in tropical estuaries and seas, 
will contain less or more the remains of plants and animals 
peculiar to the tropics ; the deposits forming in temperate regions 
will contain, in like manner, the remains of plants and animals 
lielonging to temperate climates ; and should a time arrive when 
these layers are converted into solid strata, the fossilised plants 
and animals will become a certain index to the conditions of the 
region at the time when they were deposited. As with existing 
deposits, so with the strata constituting the solid crust : the lowest 
must have been formed first ; the series beneath must be older 
than that above it ; strata abounding in shells, corals, and other 
marine remains must have been deposited in the sea, while those 
containing fresh-water plants and animals give evidence of a lake 
or estuary origin ; igneous rocks, which displace and break through 
any set of strata, must be more recent than these strata ; and if 
another set of strata overlie these igneous rocks, then must they 
have been deposited in water at a period subsequent to the 
igneous eruptions. These and similar propositions are so appa- 
rent, that the student can have little difficulty in comprehending 
the principles upon which geologists have proceeded in classifying 
the rock-formations of the globe. 

38. The principal guides to geological classification are — order 
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of superposition among the strata, their mineral composition, and 
the nature of their imbedded fossils. The most superficial oh- . 
server must have noticed the different aspects of the rocks in 
different districts, and a little closer inspection will enable him to 
detect that one set lies always beneath another set, and that while 
certain shells and corals are found in the lower series, the upper 
series may contain only the remains of terrestrial vegetation. 
Thus, in sinking a shaft in the neighbourhood of London, we 
would pass through thick beds of soft plastic clay, layers of sand, 
and strata of water-worn flint gravel ; at Cambridge we would 
pass through strata of chalk ; in the east of Yorkshire, through 
strata of fine-grained sandstones, and soft yellowish limestones 
called oolite ; at Newcastle, through strata of shale, coal, and 
coarse-grained sandstones ; in Forfarshire, through strata of red 
and greyish sandstones and conglomerates ; while on the flanks 
of the Grampians, we would pass through beds of roofing-slate 
and hard crystalline schists. On a minuter inspection of these 
strata, we would find that one series lay beneath, or was older . 
than another series ; that the chalk, for example, lay beneath the 
clays of London ; that the yellow limestones of York lay beneath 
the chalk ; that the coals of Newcastle were deeper seated than 
the oolites of York ; and the red sandstones of Forfar still deeper 
than the coal-bearing strata. Further, when we began to examine 
the fossil contents of these different strata, we should find each 
set cliaracterised by peculiar plants and animals — some contain- 
ing marine shells and corals, some the remains of large reptiles 
and fishes, and others replete with the debris of terrestrial vege- 
tation. By these methods we would soon be enabled to identify 
the chalk strata of Cambridge with those of Kent, the oolites of 
York with those of Bath, the coal-measures of Newcastle with 
those near Glasgow, and the slates of the Scottish Highlands 
with those of Cumberland and Wales. As with the rocks of 
Britain, so with those of every country investigated by geologists ; 
and thus they have been enabled to arrive at a pretty accm-ate 
classification of the stratified rocks, both in point of time and 
mineral character. 

39. About the beginning of the present century, the stratified 
rocks were classified as Primary, Transition, Secondary, Ter- 
tiary, and Recent ; and though this arrangement has since been 
superseded by a more minute and perfect classification, the terms 
are still in daily use by geologists. Tlius we hear and read of 
“ secondary and tertiary rocks;” “rocks of the transition period;” 
and “ fossils of the tertiary epoch.” The terms, as well as the 
ideas they convey, are so firmly grafted on the language of geology, 
that it is necessary at this stage to present a tabular view of this 
arrangement : — 
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/ Eecent. — All superficial accumulations, as sand, gravel, silt, marl, 
I peat-moss, coral-reefs, &c. Contain the remains of existing plants 
and animals only partially fossilised. 
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Tertiary. — Local and limited deposits of rogul,ar strata occurring 
above the chalk. Contain the remains of plants and animals not 
differing widely in character from those now existing. 

SECOND.aRT. — Embracing all the strata known os chalk, oolite, lia.s, 
coal-measures, mountain limestone, and old red sandstone. Con- 
tain fossil plants and animals of species totally different from thoso 
now existing. 

Transition. — S trata of slaty and siliceous sandstones, calcareous 
shales, and limestones containing few or no fossil plants, and the 
remains of no higher animals than Crustacea, shell-fish, and zoo- 
phytes. 


Primary. — A ll slaty and crystalline strata — as roofing-slate, mica- 
schist, and gneiss, veiy hard and compact, and totally destitute of 
organic remains. 


40. By a more extensive examination of the strata in different 
countries, and especially by a more minute investigation of their 
fossil contents, these formations of the earlier geologists have 
since been .subdivided into systems, groups, and series. This new 
arrangement has been founded either on mineral or on fossil dis- 
tinctions— such differences being sufficient to warrant the conclu- 
sion that each set of strata was fonned during successive epochs, 
and under different conditions of external nature. The terms 
formation, system, gi’oup, &c., are somewhat loosely employed by 
geologists ; but in the succeeding chaptei-s we shall use the term 
system to signify any great assemblage of strata that have a 
number of mineral and fossil characters in common ; the term 
group, to denote any portion of a system marked by a closer 
resemblance of mineral and fossil character ; the term series, to 
designate any portion of a group which has some very marked 
character, either mineral or fossil ; and so on -wnth other subdivi- 
sions of the stratified formations. A system may thus compre- 
hend several groups, a group several series, and a series may have 
several distinct stages at which some peculiar forms of life ap- 
peared in greatest abundance. Proceeding upon this principle, 
the stratified rocks may be subdivided into the following systems 
and groups : — 

I. Post-Tertiary System, comprising all alluvial deposits, peat-mosses, 

coral-reefs, raised beaches, and other recent accumulations. Remains 
of plants and animals belonging to species now existing. 

II. Tertiary System, embracing the “ Drift,” and all tho regularly 
stratified clays, marls, limestones, and lignites, above the Chalk ; 
arranged into pleistocene, pliocene, miocene, and eocene groups. 
Remains of plants and animals for the most part extinct, but not 
differing widely from existing species, 

III. Chalk or Cretaceous System, embracing the chalk and green- 
sand ^ups. Remains of plants and animals chi^y marine, and 
belonging to species now extinct. 
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IV. Oolitic System, comprising the wealden strata, the upper and 
lower oolite, and the lias. Hemains of planU and animaU {the 
molt remarkable being huge reptilia) bdonging to genera now 
extinct. 

V. Triassic System, embracing the upper portion — saliferous marls, 

muschelkalk, and variegated sandstones — of what was formerly 
termed the new red sandstone. Remains of plants and animals 
more closelg allied to those of the oolite system above, than to those of 
the carboniferous. 

VI. Permian System, embracing the lower portion — magnesian lime- 
stones and red sandstones — of what was formerly termed the new 
rod sandstone. Remains of plants and animals very closely allied, 
and often identical with those of the carboniferous strata. 

VII. Carboniferous System, embracing the coal-measures, the moun- 
tain limestone, and the carboniferous slates. Remains of plants and 
animals abundant — the distinguishing features being excess of tropical 
vegetation in the coal-measures, and marine shells and zoophytes in 
the mountain limestone. 

VIII. Old Red Sandstone or Devonian System, embracing the yellow 
sandstone, red conglomerate, and grey flagstone groups. Remains 
of fishes abundant, of other animals rare, and of plants very few and 
imperfect. 

IX. Silurian System, embracing the upper and lower Silurian groups, 
or the Ludlow, Wenlock, and Llandeilo series. Remains of peculiar 
crustaceans, mollusca, radiata, and zoophytes. 

X. Metamoephic or Non-fossiliferous System, embracing the clay- 
slate, mica-schist, and gneiss groups. All hard and crystalline rocks 
devoid of fossils. 

41. Such are the stratified rocks when arranged in systems 
and groups ; and, so far as geologists have been enabled to dis- 
cover, there is no deviation from this order of succession. It 
must not be supposed, however, that all these groups are found 
at any part of the crust, lying one above another like the coats 
of an onion ; on the contrary, only one or two of the groups may 
be developed, and these very scantily, and not in immediate 
succession. All that is meant by order of succession among 
the stratified rocks is, that wherever two or more systems come 
together, they are never found out of place ; that is, the chalk is 
never found beneath the oolite, oolite beneath the coal, or coal 
beneath the old red sandstone. In Fifeshire, for example, the 
carboniferous system immediately overlies the old red sandstone ; 
in Durham, the new red sandstone overlies the coal ; in York- 
shire, the oolite overlies the new red sandstone, and the chalk 
the oolite ; in Kent, the tertiary strata overlie the chalk ; and 
thus, though we do not find every series at one and the same 
place, we always find them occurring in the order above de- 
scribed. The old red sandstone and silurian, for instance, 
might be absent, and the coal in this case might rest on the 
clay-slate ; or the new red sandstone and oolite might be absent, 
and chalk might rest on the coal ; or even all of these might 
be wanting, and chalk immediately overlie the clay-slate. Still, 
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there would be no reversal — a higher system would be overlying 
a lower ; and the inference to be deduced would simply be, that 
the region in which any set of rocks was wanting, had been dry 
land during the deposition of these strata. This order of succes- 
sion, or supej'position, as it has been termed, is the great key 
to the solution of all geological problems ; and so soon as an 
observer has fixed one point in the series, he knows infallibly his 
position in the history of the crust, no matter in what region he 
may be placed, or what the distance from the scene of his former 
observ’ations. In determining his position, mineral characteristics 
may sometimes fail him, and a sandstone of the oolite may 
scarcely be distinguishable from a sandstone of the coal-measures ; 
but p^seontological characteristics are so constant, that the 
moment he discovers a few fossils, he is at once enabled to 
pronoimce whether he is on an oolitic or on a carboniferous 
district. 

42. The constancy of fossil cliaracteristics has suggested the 
classification of the sedimentary rocks into certain great divi- 
sions, according to the types of living beings that predominated 
at certain epochs ; but as these divisions are not yet very clearly 
determined, it may be enough for the pupil at this stage to 
understand the application of the following terms ; — 


Cainozoic Peuiod 
(Recent Lij'e), 

Mesozoic Period 
(Middle Life). 


SRIOD J 

'/«), "I 


{ 

Azoic Period ( 
( Void of Life), \ 


Palaeozoic Period 
(-• l«ae«< Life), 


Post-tertian' or present epoch. 
Tertiarj' epoch. 

Cretaceous epoch. 

Oolitic epoch. 

Triassic epoch. 

Permian epoch. 

Carboniferous epoch. 

Devonian ejx>ch. 

Silurian epoch. 
Non-fossiliferous epoch, or 
Metamorphic system. 


Instead of four periods, it has been proposed to reduce them to 
three, viz. the Neozoic, embracing the Cainozoic and Mesozoic ; 
the Palaeozoic ; and the Azoic. In either case, all that is meant 
by the arrangement in the mean time is, that during certain 
epochs there was a certain typical resemblance among the beings 
then peopling the globe ; that one phase of resemblance prevailed 
from the Silurian to the end of the Permian epoch, and that 
another equally miirked prevailed from the commencement of the 
Triassic up to the present period. Still, the student should 
remember — and he cannot be too early cautioned ever to bear in 
mind — that throughout the whole of creation there is only one 
SYSTEM, and that in time past as in time present, every aspect of 
nature gives evidence only of one all-pervading, all directing 
Mind. The matter of the universe may undeigo change of place, 
appearance, and arrangement ; still it is the same matter, subject 
to the same laws that have operated through all time. The plants 
and animals on this globe may assume different specific aspects 
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at different epochs and under different conditions, still they are 
constructed on the same plan and principle, and the laws which 
influence their being now, are identical with those that have 
governed vitality since the dawn of creation. Without this 
uniformity of law, the study of nature would be impossible. 
There is only one great system in creation, and the periods and 
system of the geologist must be regarded as mere provisional 
expedients towards the elucidation and comprehension of that 
system. 

43. Besides these classifications of the stratified rocks according to 
their mineral characters, their fossil contents, and their order of su- 
perposition, there has also been attempted an arrangement of the 
unstratified or igneous masses. These, we have ab'cady seen, appear 
among, the sedimentary strata without order or arrangement — 
heaving them out of their original horizontal positions, breaking 
through them in mountain masses, or overspreading them in the 
manner of liquid lava. Owing to this irregularity of origin, they 
are often better known by their mineral composition than by the 
order of occurrence. Still it is customaiy to speak of them as 
Granitic, Trappean, and Volcanic, meaning, by the term 
Granitic, the igneous rocks which, like granite, are usually foimd 
associated with the older strata ; by the term Trappean, the 
igneous rocks most frequently associated with the secondary and 
tertiary strata ; and by the term Volcanic, those that have made 
their appearance during the present epoch. It is true that it is 
often next to impossible to distinguish certain volcanic rocks 
from the more ancient traps ; and it is also well known that 
granitic effusions occur among tertiary strata. Still, taking the 
three classes on the large scale, and looking at the stratified sys- 
tems among which they usually occur, it wdll be found of essen- 
tial service to retain the subjoined classification ; — 

f Lava, trachyte, scorise, &c., associated with recent 
1 accumulations. 

t Trap- tuff, amygdaloid, greenstone, basalt, &c., 

< usually associated with tertiary and secondary 
strata. 

{ ^Jranite, syenite, porphyry, &c., usually associated 
with transition and primary strata. 


Volcanic, 

Trappean, 

Granitic, 


recapitulation. 

The purpose of the preceding chapter has been to exhibit the 
classification adopted by geologists in describing the various rock- 
formations which constitute the crust of the globe. The basis 
upon which such a classification is founded is either mineral com- 
position, fossil contents, or order of superposition. By these aids 
the order of sequence among the stratified rocks has been pretty 
accurately ascertained ; hence the subdivision of formations into 
systems, groups, and series. In making such an arrangement, it 
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is not aflSrmed that any portion of the crust exhibits these systems 
one above another like the coats of an onion, but simply that one 
series always succeeds another in determinate order, and that 
though several series may be wanting in certain districts, such * 
series as are present are never found out of their order of succes- 
sion. Beginning at the surface, we have, in descending order — 

1. Post-tertiary or recent accumulations. 

2. Tertiary strata. 

3. Cretaceous or chalk system. 

4. Oolitic system. 

6. Triassic or upper new red sandstone. 

6. Permian or lower new red sandstone. 

7. Carboniferous system. 

8. Old red sandstone, or Devonian system. 

9. Silurian system. 

10. Metamorphic system. 

The first nine of these systems are spoken of as the Fossiliferous 
Rocks, because they contain, less or more, the remains of plants 
and animals ; the rocks of the last, which contain no traces of 
vegetable or animal life, are termed the Non-fossiliferous. Kefer- 
ring to the fossil contents of the difierent strata, the term Neozoic 
(new life) is applied to the recent, tertiary, and upper secondary 
epochs ; the term Palceozoic (ancient life) to the lower, secondary, 
and transition epochs ; and the terms Azoic (or destitute of life) 
to the primary or non-fossiliferous epoch. As with the stratified, 
so with the unstratified rocks ; some acknowledged plan of classifica- 
tion is necessary, and that which arranges them into Volcanic, 
Trappean, and Granitic, is perhaps the most intelligible, as well 
as the most generally adopted. By employing the classification 
above indicated, every geologist, in treating of the rocks of a 
district, speaks a language intelligible to other geologists, and 
aU the more intelligible that it is a classification founded on 
facts in nature, and not a mere arbitrary or technical distinction. 


V. 

THE IGNEOUS ROCKS, AND THEIR RELATIONS TO THE STRATIFIED 
OR SEDIMENTARY SYSTEMS. 

44. As previously stated, the igneous rocks have no determi- 
nate position in the crust of the earth. They derange, break 
through, and flow over the stratified formations, are of every age, 
and often of very complex mineral composition. With respect 
to their origin, geologists have yet no satisfactory theory to offer, 
and generally content themselves by ascribing all imeous pheno- 
mena to some original source of heat existing within the globe. 
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Various chemical hypotheses have from time to time been 
broached ; and we know that the union of certain chemical sub- 
stances takes place with a violent evolution of heat ; but the 
* occurrence of volcanoes, earthquakes, escapes of heated vapours 
and thermal springs, are by far too numerous and general to be 
accounted for on any principle of chemical union with which we 
are acquainted. Admitting the existence of some general and 
deep-seated source of heat to which all igneous rocks owe their 
origin, we shall proceed in the mean time to describe their charac- 
ters and relations as classified under the heads Granitic, Trap- 
PEAN, and Volcanic. 


Granitic Rocks. 

45. Granite is named from its granular composition and aspect. 
Tlie typical granite is a compound of quartz, felspar, and 
mica, arranged in distinct grains or crystals ; and all rocks par- 
taking of the character and appearance of granite are termed graiv- 
itic. The granitic rocks are all highly crystalline ; none of their 
crystals are rounded or water-worn ; they present no traces of de- 
position or stratification ; and they occur in the crust as mountain 
masses and veins, bursting through and displacing the sedimentary 
strata. From these circumstances, they are held to be of igneous 
origin ; and, as far as geologists have been able to discover, they are 
the most deeply-seated of all rocks — forming, as it were, the floor 
or foundation for all the superincumbent formations. As the 
earliest of igneous rocks, they are generally found associated with 
primary and transition strata, tilting them up on their edges, 
bursting through them in dykes and veins, and variously altering 
their positions and mineral character. Though occurring most 
abundantly among primitive strata, granitic outbursts may be 
found among rocks of all ages, but certainly not as a marked and 
general feature of the peri^. 

46. Whether occurring in veins or mountain masses, the 
structure of granite is irregular and amorphous. In its texture 
it varies from a close-grained compact rock to a coarse and loose 
aggregation of primary crystals. In the comj^ition of granitic 
rocks there is also considerable variety, and the student will 
best learn to discriminate the different species by the examina- 
tion of actual specimens. Ordinaiy granite is composed of 
ciTstals of felspar, quartz, and mica, — is of a greyish colour 
when the crystals of felspar are dusky white, and reddish when 
they are coloured by the presence of iron. When the dark glassy 
mineral called hornblenae takes the place of the mica, the rock 
is known by the name of syenite (fium Syene in Upper Egjqit) ; 
and when talc supplants the mica, the admixture of felspar, 
quartz, and talc is known by the name of protogine. The term 
hypersthenic granite is applied to an admixture of quartz and 
hypersthene, with scatter^ crj'stals of mica ; and porphyritic 
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granite, when, in addition to the crystals composing the general 
mass of the rock, there are indiscriminately mingled through it 
larger crystals of felspar. Serpentine is the name given to a 
compact admixture of variously-coloured minerals — as quartz, 
chlorite, steatite, &c., which produce a speckled and mottled 
appearance, resembling a serpent’s skin ; hence the term. Be- 
sides the above, there are other granitic compounds, in all of 
which quartz, felspar, mica, hornblende, and hypersthene are the 
principal ingredients, and talc, steatite, chlorite, schorl, and acty- 
nolite the accidental or modifying minerals. 

47. Granitic rocks are widely distributed, and form the prin- 
cipal mass of many of the most extensive mountain-ranges in the 
world. The Grampians in Scotland, the mountains of Cumber- 
land and Cornwall in England, the Wicklow mountains in Ire- 
land, the Dofrafelds in Scandinavia, the Alps in Switzerland, the 
Pyrenees in Spain, the Oural and Himalaya ranges in Asia, the 
Abyssinian and other chains in Africa, and the Andes in South 
America, are aU less or more composed of granitic rocks, or of 
primary strata, thrown up and altered in mineral character by 
these granitic intrusions. Granitic districts, partly from the 
barren nature of their scanty soil, and partly from their high 
and elevated condition as mountain-chains and table-lands, are 
generally bleak and inhospitable, presenting few facilities for 
agricultural improvement or amenity. 

48. The industrial purposes to which granitic rocks are applied, 
are alike numerous and important. As a durable building-stone 
for heavy structures, like docks, bridges, lighthouses, and for- 
tresses, the harder varieties of granite are invaluable. As an 
ornamental stone for monuments, halls, chimney slabs, pillars, 
pedestals, and the like, some varieties of granite are rapidly 
coming into use — the beauty and sparkle of their variegated tex- 
ture, and the perfection to which they can be cut and polished, 
rendering their adoption peculiarly desirable. Some felspathic 
granites, like those of Cornwall, are easily decomposed when ex- 
posed to the weather, and in this state produce a fine impalpable 
clay known as kaolin, or China clay, and largely employed in 
the manufacture of the finest pottery and porcelain. Apatite, or 
crystallised phosphate of lime, is another mineral product found 
in veins travei-sing the earlier igneous rocks, and promises shortly 
to be of vast value in the preparation of artificial manures. 


Trappean Rocks. 

49. The term trap (from the Swedish tranpa, a stair) was ori- 
^nally applied to those igneous rocks which give to many hills 
of the secondary period a terraced or step-like appearance. Most 
of these rocks seem to have been formed vmder water, here spread 
out as volcanic dust and ashes, there as flows of lava, and anon 
interstratified with true sedimentary matter. It is to these suc- 
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cessional flows of igneous matter, and the subsequent unequal 
degradation of the interstratified aqueous rocks, that the trap- 
hills owe their stair-like appearance. As the granitic rocks were 
generally associated with the older strata, so the trappean rocks 
are usually connected with the secondary, throwing them up on 
the sides of hills, breaking through them in dykes and veins, and 
spreading over them in sheet-like masses. 

60. In their structure and composition, the trap rocks are ex- 
tremely varied — some being compact and crystalline, like basalt 
and greenstone ; others soft and earthy, like certain trap-tufOs 
and claystone-porphyries. Indeed, there is no class of rocks 
more puzzling both to the mineralogist and the geologist, their 
varieties being so numerous, and their relations to the strata 
being often so intricate and deceptive. The more ciystalline 
varieties are known as basalts, greenstones, clinkstones, felspar, 
and felspar -porph3Ties ; the earthier varieties as trachytes, 
amygdaloids, trap-tufis, and claystone-porphyries. Mineralogi- 
cally speaking, they are chiefly composed of felspar, hornblende, 
and augite, with admixtures of hypersthene, olivine, green-earth, 
clay, and sulphuret of iron. The hataU» are genei^y known 
by their columnar structure, by their dark close-grained texture, 
and by their enclosing spherical crystals of an olive -green 
mineral called olivine ; the greemtonea are less compact, moi^e 
granular, exhibit distinctly the crystals of hornblende, hyper- 
sthene, &&, and often contain sulphuret of iron, and are usually 
massive or tabular in their structure ; the clinkstones differ little 
from the greenstones in composition, but are more compact, break 
up into slaty fragments, and emit a ringing metallic sound when 
struck with the hammer ; ihefelspcur rocks are easily distinguish- 
ed by their smooth compact texture and non-crystalline aspect. 
The amygdaloids are rather earthy in texture, have been origin- 
ally vesicular, and are so named from the almond-shaped concre- 
tions {amygdalon, an almond) of calc-spar, agate, and jasper, 
which now fill the vesicular cavities ; the trachytes are greenish- 
grey varieties, indistinctly crystalline or earthy, and so named 
from the rough harsh feel (fraahys, rough) they have to the finger ; 
the claystone-porphyries are essentially of earthy felspar, with 
imbedded ciystals of glassy felspar ; and the trap-tuffs occur in 
every stage of texture, from soft scoriaceous masses to compact 
aggregations of rocky fragments, cemented together by igneous 
matter. Many of these rocks are evidently showers of volcanic 
dust and ashes that have feUen in the seas of deposit ; and others 
are as evidently the broken and half-fused fragments of the asso- 
ciated strata. Much of their perplexing variety of texture seems 
to have arisen from the slowness or rapidity with which they 
have cooled ; and we know, from actual experiments, that the 
same mass which will yield a compact ba^t when suddenly 
cooled, will, when subjected to a slower process, produce a soft 
and earthy tufa 

51. The geographical ai’ea occupied by the trap rocks is very 
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extensive, there being few secondary districts in which they do 
not rise up, either in undulating conical heights, or in terrace-like 
hill-ranges. Indeed, all the older secondary regions — that is, those 
occupied by the old red sandstone and carboniferous systems — 
owe their surface configuration chiefly to manifestations of trap. 
Much of this trap is of contemporaneous origin with the sedimen- 
tary rocks among which it occurs, and is of course interstratified 
with these deposits ; but a great portion also is of posterior date, 
and in this case occurs as disrupting and overlying masses. To 
enumerate the districts in which trappean compounds occur, 
would be to map out the countries occupied with the whole 
transition, secondary, and tertiary systems. In our own country, 
the Sidlaw, Ochil, Pentland, and Lammermuir ranges in Scot- 
land ; the Cheviot Cumberland, Welsh, and Derbyshire hills, in 
Engird ; and most of the hills in Ireland, are of true trappean 
composition. The scenery produced by assemblages of trap hills 
is often extremely picturesque and beautiful ; and the soil pro- 
duced by the decomposition is generally so dry and productive, 
that the term “ trap district ” is usually regarded as synonymous 
with amenity and fertility. 

62. The industrial purposes to which trap rocks are applied 
are numerous enough, but not of prime importance. Some basalts 
and greenstones make very durable building materials, but their 
hard and refractory character prevents their extensive use. The 
same may be said of the felspar-porphyries, clinkstones, and amyg- 
daloids, which are rarely employed where sandstones or lime- 
stones can be obtained. Their hardness, however, renders them 
peculiarly fitted for road material ; hence their extensive use in 
causewaying and macadamising. From the geodes of the amyg- 
daloids and trap-tufis — that is, the crystals that coat or fill up the 
vesicular cavities in these rocks — are obtained most of the calce- 
donies, agates, jaspers, and carnelians, made use of by the lapi- 
dary and jeweller. 


Volcanic Rocks. 

63. AU the igneous rocks already described are, in one sense, 
volcanic — that is, have been produced by the agency of heat in a 
manner analogous to that of existing volcanoes. For the sake of 
classification, however, it is better to limit the term to such rocks 
as are now in process of formation, or have been formed since the 
close of the tertiary epoch. It may be difficult, in some instances, 
to distinguish a mass of trachytic lava from one of trachytic trap- 
tuff ; but when the mass is viewed in connection with its associ- 
ated rocks, its origin becomes readily apparent, and there is gene- 
rally as little difficulty in distinguishing between recent volcanic 

E roducts and trappean compounds, as there is in distinguishing 
etween trap and granite. Volcanic rocks are therefore essenti- 
ally products of the modem period, and ai-e found, like the older 
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igneous rocks, either elevating, hursting through, or overlying 
the stratified formations. 

64. Volcanic products usually appear as lava, obsidian, pumice, 
scoriae, ashes, hot mud, and various gaseous exhalations. Lava 
is the name given to the melted rock-matter ejected from active 
craters, and which, when cooled down, forms varieties of volcanic 
tufa, trachyte, and trachytic greenstone, according to the varying 
proportions of felspar, hornblende, and augite. Obsidian, or vol- 
canic glass, is a compact vitreous lava, in some instances scarcely 
to be distinguished fiom the slag of a glass-furnace. Pumice is a 
light porous rock, caused by the disengagement of gases in the 
mass while in a state of fusion ; in other words, the solidified 
froth or scum of molten rock-matter. Scoria, cinders, ashes, and 
the like, are of the same mineral composition as the solidified lava, 
and seem to be produced by the explosive force of steam or other 
gases. Volcanic mud, which is found bubbling out from many 
fissures and hot springs, has a foetid sulphurous odour, and, in 
cooling and solidifying, is often found to contain crystals of sulphur 
and gypsum. The gaseous products of volcanoes are for the most 
part sulphurous, and from this source is mainly derived the sulphur 
employed in the useful arts. All of these products are found less 
or more in every volcanic region ; and the mode in which they 
are discharged, their varying admixtures, and the different 
appearances they assume, according to the rapidity or slowness 
with which they are cooled, afford highly instructive lessons to 
the geologist. Here the explosive force of highly heated vapours 
and molten matter breaks through and deranges the strata of the 
crust ; there lava fills up the fissures, or, issuing from some vent, 
flows down the mountain side, filling up valleys, damming up 
river channels, and spreading over fertile plains : here scoriai and 
ashes are showered forth, borne abroad by winds, and scattered 
over land and sea ; there heated vapours are perpetually exhaling 
from rents and fissures, and incrusting their sides with mineral and 
metallic compounds. Discharge after discharge from volcanic vents 
soon gives rise to mountain masses ; or, if spread along the bottom 
of the sea, is in turn overlaid by true sediment, and thus produces 
alternations of aqueous and igneous rocks. The molten matter also 
cools unequally — here forming a porous pumice, there a rough open 
tufa ; here a granular trachyte, and there a compact mass, scarcely 
distinguishable from basalt or greenstone. And just as igneous 
forces are acting at the present day under the eye of the observer 
in the production of volcanic rocks, so must they have acted 
in former ages in the production of trappean and granitic com- 
pounds. 

55. Although volcanic rocks are luckily unknown in our own 
country, they occur extensively in many regions of the globe. 
In Europe there are three well-known centres of volcanic action — 
viz., that of Italy, to which Etna and Vesuvius belong; that of 
Iceland or Hecla ; and that of the Azores. In Asia there are 
ample evidences of volcanic action along the borders of the 
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Levant, the Caspian, and the Eed Sea ; in the Indian Ocean ; 
throughout the whole of the Indian Archipelago ; and northward 
through the Philippine, Japan, and Aleutian islands. In the 
Antarctic Ocean several cones of active eruption were discovered 
by our voyagers in 1841 ; and in the Pacific, the islands of New 
Zealand, the Sandwich and other groups, are for the most part 
the results of volcanic action. In the Atlantic, the Canaries, 
Cape de Verd, Ascension, and other islands skirting the western 
coast of Africa, are well-known seats of volcanic action ; while in 
the West Indies, and along the entire continent of America, from 
the islands of Terra del Fuego (Land of Fire), northward through 
the Andes and Rocky Mountains, are numerous volcanic vents in 
a state of greater or less activity. In these centres of igneous 
action many of the volcanoes seem to be extinct; some are 
merely smouldering or dormant; while others are incessantly 
active, either ejecting rocky matter from their craters, or rending 
the surrounding country by earthquake convulsions. 


RECAPITULATION. 

The products described in the preceding chapter constitute one 
of the great divisions into which the rock masses of the globe have 
been arranged. Though containing no fossil record of the kind of 
plants and animals which have successively peopled the earth — 
and in this respect of less value in enabling us to decipher its 
history — they are still important monuments of past change ; 
monuments in which we can trace the features of the world’s 
former surface — its alternations of hill and valley, of sea and land, 
and of many of those external conditions which give character and 
colouring to organic life. In this respect they are of prime 
importance ; and it is only by studying their relations to, and the 
manner in which they have afiected the stratified rocks, that we 
can ever hope to solve many of the most intricate problems in geo- 
logy. Their arrangement into Granitic, Trappean, and Volcanic, 
though partaking more of a mineralogical than of a geological 
distinction, is not without its value, so long as the student re- 
members that granite, though the deepest -seated igneous rock, 
may also be associated with strata of all ages, and that trap-rock, 
though most abundantly developed during the secondary period, 
may also be found in connection with strata of the earliest epochs. 
Bearing in mind these facts, and remembering also how similar 
many of these rocks are in mineral composition, and that they all 
occur in connection with the stratified formations — as disrupting, 
overlying, or inierstratified masses — the student will readily per- 
ceive that it is chiefly in their mineral and mechanical bearings 
that he has to deal with them. Thus, the granitic masses are 
never scoriaceous and cellular like recent volcanic rocks, nor are 
they ever earthy and amygdaloidal, like many of the trappean 
compounds. The trap group, as a whole, are less felspathic than 
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the granites and porphyries, and exhibit a greater tendency to 
structural arrangement than either granitic or volcanic products ; 
while the volcanic are decidedly more cellular and slag-like than 
either the granites or traps. Leaving special instances of igneous 
operation to be discussed in connection with the several stratified 
formations, we may briefly recapitulate that — 

The Volcanic comprises lava, trachyte, obsidian, trachytio green- 
stone, tufa, pumice, soorise, ashes, &o. 

The Trappean comprises basalt, greenstone, clinkstone, felspar- 
porphyrj', amygdaloid, trap-tuflf, and tufaceous conglomerates. 

The Granitic comprises granite, syenite, protogine, serpentine, pri- 
mitive greenstone, graphic granite, and porphyry. 


VI. 

METAMOKPHIC OR NON - FOSSILIPEROUS SYSTEM, EMBRACING THE 
GNEISS, MICA-SCHIST, AND CLAY -SLATE GROUPS. 

56. Without adhering to the common belief that granite forma 
the floor or basis on which all the stratified systems repose, it may 
at least be confidently asserted that granitic compounds upheave 
and break through the lowest known strata, and in this sense are 
certainly under-formed, or deeper-seated than any other rocks as 
yet discovered by geology. Assuming, therefore, that the granitic 
group immediately underlies, and is intimately associate with, 
the lowest stratified rocks, we obtain a starting-point in the crust 
from which to commence an intelligible description of the systems 
that follow. The Non-fossUiferous system is so termed from its 
containing no remains of plants or animals, so far as geologists 
have been enabled to discover. For the same reason, it has also 
been termed the Azoic, or destitute of life (a, without, and zoe, life), 
in contradistinction to the upper systems, which are all less or 
more fossiliferous. As this distinction, however, is founded solely 
on negative evidence, and as fossils may yet be discovered in some 
portion of these strata, it is thought better to employ the term 
Ilypozoic {hypo, under, and zoi, life), which merely indicates that 
the system lies under all those that are known to be unmistakably 
fossiliferous. The name Metamorphic refers, on the other hand, 
to its mineral characteristics, and implies that the original struc- 
ture and texture of its rocks have undergone some internal change 
or metamorphosis. At present these rocks are all less or more 
crystalline ; their lines of stratification are often obliterated, or 
but faintly perceptible, and their whole aspect is very difierent 
from what is usually ascribed to rocks originally deposited in 
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water. This change may have been brought about by the applica- 
tion of external heat and pressure, or it may be the result of some 
peculiar chemical action among the particles of which the rocks 
are composed. In whatever way the metamorphosis has been 
effected, we see clearly that a change has taken place in the ori- 
ginal sedimentary character of the strata, and that matter which 
at first consisted of water-worn debris — as silt, clay, and sand — 
has now been converted into hard, shining, and crystalline rocks. 
It must be remembered, however, that though mineral metamorph- 
ism is peculiarly the characteristic of this set of strata, it is by 
no means confined to gneiss and mica-schist ; for, as we shall 
afterwards see, many sandstones of the later systems have been 
converted into quartzite or quartz-rock, many shales into jaspery- 
homstones, and earthy limestones and soft chalk into sparkling 
sacchai'oid marbles. 

Gneiss and Mica-Schist Groups. 

67. We arrange these groups under one head, for this reason, 
that though there is often a sufficient mineral distinction between 
gneiss and mica-schist, when viewed on a large scale, there is, 
after all, very Uttle difference in their geological character and 
history. In whatever state of agmegation the particles of gneiss 
may have been when originally deposited, we know now that it 
is a hard, tough, crystalline rock, exhibiting curved and flexured 
lines of stratification, and composed in the main of quartz, felspar, 
mica, and hornblende. Mineralogically speaking, it differs from 
the granitic rocks with which it is associated chiefly in this, 
that while the crystals of quai-tz, felspar, &c. are distinct and 
entire in granite, in gneiss they are broken, water-worn, and con- 
fusedly aggregated. Hence the general belief is, that gneiss or 
gneissose rocks are but the particles of granite weathered and 
worn, carried down by streams and rivers, and deposited in the 
seas of that early period. What is thus affirmed of the sedi- 
mentary origin of gneiss is much more apparent in mica-schist, 
which is often finely laminated and distinct in its lines of stratifi- 
cation. This distinction arises from the greater attrition the 
particles have undergone, and from the greater proportion of 
mica entering into its composition in the form of fragmented 
flakes or scales. There is, however, a great similarity between 
the two sets of rocks — beds and bands of gneiss interlacing and 
alternating with beds of mica-schist, and gneissose rocks frequently 
becoming so micaceous in their composition as to be undistin- 
guishable from true mica-schists. On the whole, the two groups 
may be said to be composed essentially of water- worn particles of 
felspar, quartz, mica, talc, hornblende, and chlorite — these ingre- 
dients having been deposited in beds and strata, but afterwards 
consolidated and altered in their internal structure so as to have 
become highly crystalline, and very similar in their general 
character to the granites from which they were derived. 


Digitized by Google 



46 


METAMORPHIC SYSTEM. 


58. As a general rule, the gneiss group may be said to lie 
beneath the mica-schists, to be harder and less distinctly strati- 
fied, and to bear a closer resemblance to the granitic rocks, with 
which they are intimately associated. The mica-schists, on the 
other hand, are less crystalline, more finely laminated, and present 
more frequent alternations of strata. In neither group are the 
strata very regular or continuous, and when broken up and 
contorted by intrusions of granite — which they frequently are — 
it is very difficult to trace either their lines of stratification or 
their order of superposition. The most prevalent rocks in these 
groups are — 

Gneiss — an aggregate of quartz, felspar, and mica. 

Syenitic-oneiss — of quartz, felspar, and hornblende. 

Hornblende- BOCK — cliiefly of hornblende and felspar. 

Quartz-rock or quartzite — an aggregate of quartz, with occa-sional 
flakes of mica and crj stals of hornblende. 

MiCA-scmsT — a fissile or laminated aggregate of mica and quartz, 
with occasional crystals of hornblende and garnet. 

Talc-schi.st — of talc and quartz, and difiers only in this respect from 
mica-schist. 

Chlorite-schist — a greenish slaty rock of chlorith and quartz. 

Hornblende-schist — a slaty rock, chiefly of hornblende, with felspar 
or quartz. 

Actynolite-schlst — a slaty foliated rook, chiefly of actjTiolite, with 
some admixture of felspar, quartz, or mica. 

Primary limestone — highly crystalline marbles, often containing veins 
and flakes of serpentine chlorite, steatite, and the like. 

The above are the principal rocks in the gneiss and mica-schist 
groups, and they often alternate and capriciously intermingle with 
each other. When they are massive and compact, they are spoken 
of as rocks (hornblende rock) ; when they are capable of being 
split up, or laminated, they are termed schists or slates (as mica- 
schist, hornblende slate, &c.) The term foliation {folium, a leaf) is 
employed to express the irregular crumpled-like lamination that 
occurs among these rocks ; and while we employ the term schist 
{schisma, a splitting or division) to embrace such strata as split up 
in this manner, the word slate ought to be restricted to those that 
exhibit regular cleavage, like roofing-slate. 

5S). The gneiss and mica-schist groups are widely distributed, 
being found flanking, less or more, all the principal mountain 
chains in the world. They occur in the Highlands and Islands of 
Scotland, in the north of Ireland, along the flanks of the Pyrenees 
and Alps, in the Scandinavian and Oural chains, in the Himalaya 
and Altai ranges, in the mountains of Northern Africa, and in 
America, particularly in the Brazils and United States. The 
physical aspect of these primary or metamorphic districts is bold, 
rugged, and barren. Thrown into lofty mountains by the granite, 
and often into abrupt and vertical positions, it is chiefly among 
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gneiss and mica-schists that those deep glens and abrupt preci- 
pices occur, which ^ve to Highland scenery its well-known wild 
and picturesque effect. As already stated, the igneous rocks 
which upheave and disturb the gneiss and mica-schists are 
chiefly granitic ; these upheaving, breaking through, and inter- 
stratifying with them in very complicated relations. Later igneous 
rocks — as porphyry, greenstone, and serpentine— are also found 
traversing these groups in the form of dykes and protruding 
masses ; and occasionally still more recent effusions of trap are 
found passing through, not only the gneiss and mica-schists, but 
their associated dykes and veins of granite and porphyry. 

60. The industrial or economic products deriv^ from the 
gneiss and mica^schists are by no means numerous. Several of 
the metallic ores — such as tin and copper, and very rarely gold — 
occur in veins traversing these strata. The limestones, from their 
highly saccharoid texture, and mottled and veined appearance, 
yield valuable marbles ; and serpentine, when found in solid 
masses, produces also a verj^ elegant material for internal decora- 
tion. Potstone, or the lapis oUaris of the ancients, of which jars 
and vases are sometimes manufactured, and amianthus or flexible 
asbestos, which may be woven into fabrics indestructible by fire, 
are both products of these rocks. The garnet, and other precious 
minerals, are found in the system, either in the strata themselves, 
or in the veins that traverse them. 

Clay -Slate Group. 

61. Whatever obscurity may attach to the sedimentary origin 
of gneiss and mica-schist, there can be no doubt as to the true 
aqueous character of the clay-slates and their associated strata. 
The clay-slate group, so familiarly known by the bluish, greenish, 
and purplish roofing-slates of our towns, presents a vast thickness 
of fine-grained, fissile, argillaceous rock, of considerable hardness, 
and if not of a crystalline, at least of a glistening aspect. It 
seems to have been originally deposited as a fine clay or silt, and 
then to have imdergone metamorphism in a less degree than the 
underlying mica-schists and gneiss rocks. The prevalent colours 
of slate are black, green, bluish, purplish, and mottled. Some 
varieties are hard and splintery, others soft and perishable. The tex- 
ture, though generally close and fine-grained, is not unfi-equently 
gritty and ai’enaceous, and passes into a sort of flaggy sandstone. 
The imbedded minerals are few ; these being chiefly cubic iron- 
pyrites, chert or siliceous concretions, crystals of hornblende, and 
chiastolite, a mineral occurring in long slender prisms, which 
cross and lie over each other in the mass of slate like the Greek 
letter x {chiastos, crossed or marked with the letter x., and lithos, 
a stone). 

62. If gneiss and mica-schist were derived from the disintegra- 
tion of the granitic rocks, clay-slate seems to have been derived 
from the same source, and also from the further and finer disin- 
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tegration of the gneiss and mica-schists. In the clay-slates the 
quartz and mica of the original rocks appear in minute grains and 
^kes, and the clay of the felspar appears as impalpable sediment, 
destitute of the potash and soda which entered into its crystallised 
conditionin granite. All this bespeaksthe long-continued action of 
atmosphere and water — atmosphere and water to waste and wear 
down, and rivers to transport the material to some tranquil sea 
of deposit. In course of time the soft sediment becomes consoli- 
dated ; heat or chemical agency subsequently changes its texture, 
and renders it hard and crystalline ; and a still further alteration 
produces that peculiar structure in clay-slate known by the 


Cleava^d^a Transverse ; 6 Coincident 

name of cleavage. What renders slate so peculiarly valuable, is 
its quality of being cleft or split into thin plates or layers ; and 
this splitting takes place, not always parallel to the lines of strati- 
fication, as in the flagstones used for pavement, but in a direction 
right through the beds, and often almost at right angles to them. 
This cleavage-structure is occasionally observ^ in other rocks of 
an argillaceous or clayey nature, but more especially in clay-slate ; 
and its origin is still a matter of doubt among geologists. From 
its extreme regularity and resemblance to certain kinds of crystal- 
lisation, it is generally supposed to have aiisen from chemical or 
magnetic forces acting upon the clayey mass while in process of 
solidification — a supposition greatly strengthened by the fact that 
a similar structure has been produced in masses of clay by the 
artificial application of these forces. 

63. Being intimately associated with the gneiss and micarschist 
groups, the clay - slate partakes of many of the u^eavals and 
disruptions which have affected these strata, ^ough less 
ciyst^ine in its texture, and not so much broken up by igneous 
intrusions, its beds are in many instances curiously bent and 
contorted, and generally rest at high angles on the flanks of our 
oldest moimtain chains. They are foimd along with mica-schist 
and gneiss in almost all the regions already enumerated, and 
form valuable deposits in the Western Highlands of Scotland, in 
Cumberland, and in Wales. The scenery of clay-slate districts 
is often wild and picturesque ; but their high elevation and cold 
clayey soils render them sterile and unproductive. 

The industrial applications of clay-slate are numerous and 
well known. The hard fissile varieties have long yielded a most 
valuable roofing-material; the finer sorts are used for writing-slates 
and slate-pencils ; and the thicker-bedded kinds are now largely 
employed as an ornamental stone for vases, tables, chimney-slabs, 
mosaic-pavement, cisterns, and other architectural purposes. The 
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clay-slate in many districts is traversed by metalliferous veins, 
and from these are obtained ores of tin, copper, lead, silver, and 
not unfrequently gold. 


RECAPITULATION. 

The system described in the preceding chapter consists of 
three principal groups — Gneiss, Mica-schist, and Clay-slate. 
The rocks composing these groups are all less or more indurated 
and crystalline, have their lines of stratification indistinct, and 
often altogether obliterated, and, as sedimentary strata, have 
evidently undergone some peculiar change in their internal struc- 
ture. This change, or metamorphism, whether produced by heat, 
pressure, or chemical agency, has conferred upon them the term 
of Metamorphic rocks; and by this designation they are now 
generally known among geologists. As strata, they are the deep- 
est or lowest in the crust of the earth, and are therefore regarded 
as Primary or first-formed. They are also known as A^o/i- 
fossUiferous, Azoic, or Jfypozoic strata, from the fact that no dis- 
tinct traces of plants or animals have yet been discovered in any 
part of the system. The terms metamorphic, primary, hypozoic, 
and non-fossiliferous, may be held as 83monymous — the student 
ever bearing in mind that the nomenclature of Geology is at best 
but provisional or temporary, and must give way to new &cts 
and the progress of discovery. As a general rule, the gneiss 
group lies beneath the mica-schist, and the mica-schist beneath 
the clay-slate ; but there are frequent alternations of the rocks and 
schists composing the system, and these alternations are often ren- 
dered more complicated by the contortions and displacements 
produced by the intrusion of granitic outbursts. Though miner- 
alogists have given to the rocks composing the system different 
names — as gneiss, syenitic-gneiss, hornblende rock, hornblende 
schist, mica-schist, t^c-schist, stea-schist, chlorite-schist, &c. — it 
must be admitted that there are often a great similarity and 
frequent gradations among them. Whether this arises from their 
being immediately derived from the disintegration of older granitic 
rocks, or from the subsequent metamorphism they have under- 

t one, it is difficult to say ; but there is certainly a much closer 
imily resemblance, so to speak, among the metamorphic strata, 
than there is among the strata of any subsequent system. Though 
flanking and forming portion of most of the dder mountain-chains, 
the primary strata do not occupy wide areas, but are tilted up at 
high angles, and compressed into a comparatively narrow space — 
pi^ucing rugged and abrupt scenery, less bold and bleak than 
granite, but wilder and more irregular than that produced by 
later formations. In an economical point of view, the system is 
by no means unimpiortant. Slate and marble of various quali- 
ties ai'e obtained from among the strata ; and the ores of tin, 
copper, lead, silver, and gold, are extracted from the veins that 
traverse the system. 



VII. 


THE SILURIAN SYSTEM, EMBRACING THE LOWER AND UPPER SILU- 
RIAN GROUPS, OB THE LLANDEILO, WENLOCK, AND LUDLOW 

SERIES. 

65. Immediately above the Metamorphic rocks, which, as far 
as yet discovered, are entirely destitute of fossils, there occur cer- 
tain gritty and slaty beds, in which traces of organic life are occa- 
sionally detected. These beds are regarded by some observers as 
a separate series, and termed the Cumbrian, because they are found 
in Cumberland ; and the Cambrian, because they also appear in 
North Wales. As their fossils, however, seem closely allied to 
those of the Silurian, it will be better, in the mean time, to consider 
them as the lower portion or basis of that system ; although, in 
all likelihood, many years will not pass over ere the progress of 
discovery will render it necessary to establish a separate fossilifer- 
ous group between the true Silurian and the underlying crystal- 
line schists. These Cambrian strata, and those now termed Silu- 
rian, constitute what were formerly known as the Chreywachl or 
Transition formation ; the former term being a German word ap- 
plied to certain slaty conglomerates of a grey rusty colour which 
occur in the series, and the latter having reference to their fossil 
character, and denoting the transition from non-fossiliferous to 
fossiliferous deposits. The term greywackcN is now seldom employ- 
ed, or employed only to designate a peculiar species of rock, and 
the precision of fossil inquiry has all but exploded the idea of a 
transition period. The rocks to which we now refer — that is, 
those lying between the non-fossiliferous clay-slates and the old 
red sandstone — being very clearly developed in that district of coun- 
try between England and Wales anciently inhabited by the Silures, 
the term Silurian has been applied to them, and the system very 
carefully worked out, both in its mineral and fossil aspects. It is 
to this system of strata, so typically displayed in the counties of 
Montgomery, Eadnor, and Salop — the Siluria of the ancient Bri- 
tons — that the attention of the student is about to be directed. 

66. Before entering on the fossiliferous systems, it would be well 
for the student to remember that the department of his science 
having special reference to fossils is termed Palo’ontology {pakiios, 
ancient, onto, beings, and logos, a discourse), or that which treats of 
the ancient or former life of the globe ; while the department 
more immediately concerned with the mere rocks or strata is spoken 
of as Lithology (lithos, a stone), or Physical Geology. The palawn- 
tological and lithological aspects of a system are therefore two very 
different things, and convey much the same meaning as when we 
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speak of the stratigraphical order of its rocks, and the zoological 
or botanical characters of its fossils. In describing the fossils of 
a system, the brief term Flora is usually employed to denote the 
general character of its plants, while the term Fauna is applied to 
that of its animal remains. 


Lower and Upper Silurian Groups. 

67. In whatever condition the metamorphic rocks were at first 
laid down in the seas of deposit, we have seen that a common 
crystalline aspect now pervades the whole series, and that the 
usual alternations of sedimentary matter are all but obliterated. 
We cannot say, for example, which stratum was originally of clay- 
silt, which of sand, or which of gravel. All these distinctions are 
effaced, and we cannot arrive at any satisfactory conclusion as to 
the waves and tides and currents by which they were aggregated, 
or the nature of the seas in which they were deposited. The case 
is widely different with the Silurian strata. Every alternation is 
distinct and evident : beds of slaty sandstone and pebbly conglo- 
merate, shaly mudstone, clays, and limestones follow one another 
in frequent succession, and present so slight a change in their 
mineral structure, that we can readily judge of the conditions 
under which they were originally deposited. Some of the sand- 
stones are finely laminated, and bear evidence of tranquil sediment ; 
some are ripple-marked, and testify to the presence of tides or 
gentle currents ; while others are pebbly conglomerates, and be- 
speak the existence of waves and gravel-beaches, such as we wit- 
ness at the present day. Of the shales or argillaceous beds, some 
have evidently been thrown down in deep water as soft black mud, 
while others have been formed in shallower bays, and contain a 
certain admixture of sand, with sea-shells, such as are found at no 
greatdepth from the shore. Of the limestones or calcareous strata, 
many are replete with the remains of corals and shells, and recall 
the existence of seas in which the coral-polype reared its reefs, and 
shell-fish congregated in beds like the oyster and mussel of our own 
times. Indeed, the abundant presence of fossil zoophytes, corals, 
molluscs, and crustaceans, tells of varying conditions of water and 
sea^bottom, of light and heat, of tribes that secreted their nutriment 
from the ocean, or preyed on each other ; and generally of a state 
of things different, it may be, but still analogous to that which we 
perceive in existing nature. 

68. The system which contains evidence of these varied condi- 
tions, consists essentially of argillaceous, arenaceous, and calcare- 
ous strata. Dark-coloured laminated shales, shales with concre- 
tions of bmestone, beds of calcareous flagstone, thick-bedded 
sandstones and pebbly conglomerate, finely laminated micaceous 
sandstones and shales, and impure clayey limestones, and lime- 
stones of a concretionary structure, may be said to constitute the 
entire system. They have been arranged into lower and upper 
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groups, or, taking the typical district of Wales, into the Llandeilo, 
Weulock, and Ludlow series, as represented in the following 
synopsis : — 


UPPER SILURIAN. 

Finely -laminated reddish and greenish sandstones and shales, 
locally known as tilcstones. 

Micaceous grey sandstone, in beds of varj'ing thickness. 
Argillaceous limestone (Aymestry limestone). 

Shale, with concretions of limestone. 

Wenlock ( Concretionary limestone (Wenlock limestone). 

Series. ( Argillaceous shale in thick beds. 


Ludlow J 
Series. 1 


LOWER SILURIAN. 

{ Mass of shelly limestone and sandstone. 

Tliick-bedded white freestone (Caradoc sandstone). 
Dark-coloured calcareous flags, and gritty flagstones or 
“bottom rocks,” 

The above synopsis represents a thickne&s of about eight thousand 
feet, and contains, of course, many alternations and gr^ations from 
freestone to sandy flags, from flagstones to shales, and from shales 
to calcareous flags and limestones of varying thickness and purity. 

69. The fossils of the silurian system are eminently marine, 
and consist of numerous species and genera of zoophytes, radiata, 
molluscs, annelids, and Crustacea. 'Races of fishes are found on 
the uppermost verge of the system, or in beds which by some 
are considered as the basis of the Devonian system ; and fuci, or 
sea-weeds, as well as the seed-spores of plants apparently allied 
to the lycopodium or club-moss, have also been detected in the 
same strata; but we have as yet no evidence of any terrestrial 
fauna. Of course, it is not to be supposed that every portion 
of the system has been fully investigated : the strata, as yet 
examined, may have been deposited in deep water, and not till 
those deposited along the shores and in the estuaries of the rivers 
which carried down the sand and mud of the period have been 
equally well explored, can we pronounce with certainty either as 
to the kind or amount of fossil remains. As it is, numerous genera 
of a varied and prolific sea fauna have been detected, and these 
are invested with a high interest, as being the earliest evidences 
of life as yet known to geologists on our planet. And here let 
the student impress on his mind the fact, that, though the earliest 
known instances of vitality, there is in their structure no imper- 
fection or trial-work. The corals of the silurian seas, the shell- 
fish and Crustacea of this primeval period, are as complex in their 
organisation, and as perfectly fitted for the functions they had to 
perform, as the corals and shell-fish and Crustacea that now thiong 
the existing waters. Among the more characteristic fossils of the 
period may be noticed the graptolites {grapho, I write, and Uthos, 
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a stone), a peculiar family of zoophytes, so called from their resem- 
blance to the sea-pens — serttUana and virgvlaria — of our own seas. 



3. 6. Graptclites ; 4, Serpulites. 


These zoophytes seem to have thronged the muddy bottom of the 
Silurian waters, and are highly distinctive of the lower portion of 
the system. Among the corals and coralloid remains of the 
period, there are also many peculiar genera, remarkable either 
for their sponge-like appearance, or for the cup-like form of their 
structure. From the form or arrangement of theii’ pores, these 
corals are known by such names as cgcUhophgllum, or cup-coral ; 
asima, or star-coral ; hdiolites, or sun-corm ; favosites, or honey- 
comb coral ; and catmipora, or chain-pore coral. Among the 
radiate or rayed animals, whose structure resembles that of the 
star-fish, several well-marked groups have been found in Silurian 
strata. Among the most characteristic of these may be noticed 
the encrinites, or lily-like radiata {krinon, a lily), whose calcareous 



1, Cyathopbyllum : 2. Favoaites: 3, .Aetnea: 4. HoUoIitea: 5, Catenipora: 6, Cyatldea: 

7, Encrlnita. 


skeletons often constitute the main mass of certain limestone 
strata. True star-fishes, allied to the urmter and comatvla of 
our own seas, have also been discovered ; and certain remarkable 
bladder-shap^ forms, called cystideas {cystus, a bladder), which 
seem to approach to the sea-urchins in structure. As an encrinite, 
with its numerous arms and feathery branches, may be regarded a 
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star-fish fixed to the bottom by a jointed and flexible stalk, so may 
a cystidean, with its spherical body, composed of numerous plates, 
be considered a sea-urchin, attached to the bottom by a similarly 
jointed column. Among the molluscs or shell-fish found in the 
Silurian strata, there are the representatives of many existing 
orders — bivalves allied to the cockle and pecten, others to the 
mussel ; whorled univalves like the periwinkle, spirals like the 
pelican’s foot and turritella ; chambered shells coifed up like the 
pearly nautilus, and others, massive and straight, to which we 
have no existing analogue. Of the bivalves, terebratvla, gpirifer, 
orthis, and lingtua, are the most characteristic ; of the univalves, 
pleurotomaria, murchisonia, and euomphalm; and of the cham- 
bered shells, lituites, orthoceroi, and phragmocerou. Of An- 


1, Lingula ; 2, Orthis ; 3. Terebratula ; 4, SpirUbr ; 6, Murchisonia : 6. Lituites ; 

7. Onhocoratite. 

nelids — that is, ringed or worm-like creatures, so called from 
anmdus, a ring — there are traces and remains in the system, 
and these are known by the term seipvlites, from their resemblance 
to the serpvla of existing seas. By far the most curious and 
abundant, as well as most characteristic of Silurian fossils, are 



1, Aeaphus ; *, Calyxneno ; 3. Encrlnorus ; 4, Trinucleus. 

the crustaceans, termed trilobites, from the three-lobed-like figure 
of their bodies. These creatures seemed to have swarmed in 
the Silurian waters in various genera and species, just as shrimps 
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and prawns and crabs swarm in the seas of our own day. Different 
genera and species are distinguished by such terms as asaphus, 

. calymene, homalonotus, trinucleus, &c., and may be fairly con- 
sidered as one of the leading orders of life that appeared during the 
Silurian epoch. As already stated, remains of fishes are found in 
the uppermost beds of the system, but these are regarded by Sir 
Roderick Murchison as marking the dawn of the Devonian rather 
than the close of the Silurian era — “ a long early period in which 
no vertebrated animals had been called into existence.” This 
opinion must be received, however, as indicating the paucity of 
such remains rather than their total absence ; and for the final 
grouping of the “ Tilestone ” beds either as Silurian or Devonian, 
we must wait more extended research and the progress of dis- 
covery. 

70. Respecting the extent of country occupied by silurian 
strata, we have as yet no very accurate information. As before 
mentioned, they are most typically displayed in the district of 
country between England and Wales ; the lower series occurs in a 
broad band along the entire south of Scotland, and appears also 
in Cumberland, Westmoreland, and along the south-east coast 
of Ireland. The system is found in Scandinavia, in Russia 
and the Ourals, and very characteristically in Silesia and 
Bohemia. Silurian strata have also been investigated in the 
south of France, in Asia Minor, in Australia, and in North Ame- 
rica, and, as the progress of research advances, will no doubt be 
discovert in other regions. In all these districts the system is 
marked by the same peculiar fossils, and though the strata may 
differ very greatly in a mineralogical point of view — shales, for 
example, passing from soft disintegrating mudstones to hard 
fissile slates, sandstones passing &om laminated sandstones to 
jaspery conglomerates, and limestones from calcareous marls to 
concretionary comstones — still the moment a geologist detects 
graptolites, trilobites, lingulae, orthidae, and the Eke, he can have 
no doubt as to his position among true silurian strata. 

71. The igneous rocks associated with the system are partly 
imbedded or contemporaneous, and partly eruptive. The imbed- 
ded traps are chiefly felspathic ash and tufa of a mixed mineral 
character, and have evidently been laid down in these primeval 
seas, sometimes in the state of overspreading or molten lava, and 
sometimes in the state of showers of scoriae and ashes. The 
eruptive rocks are principally felspathic — felspathic greenstones, 
felspar rock, and felspar pwrphyry. In many instances, as in 
‘VV'‘ales and the south of Scotland, they liave rendered the strata 
partially metamorphic, converting shales into good useful roofing- 
slates, sandstones into quartzite, and clays into hard jaspery 
homstone. The upheavals and contortions resulting from their 
eruptions produce, on the whole, a varied and picturesque scenery, 
less abrupt and bold than that of primitive districts, and yet 
more diversified by hill and dale, by ravine and river-glen, than 
that of later or secondary periods. 
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72. In an industrial point of view, the rocks of the Silurian sys- 
tem are of no great importance. Eoofing-slate of various quality 
is obtained from the series, but of inferior value to that of the 
true clay-slate ; flagstones are quarried in some districts, though 
inferior to those of the old red sandstone ; freestone for building 
purposes is also a local product ; and limestone for mortar and 
manure is quarried and burnt in most silurian countries. The 
veins that traverse the system are in general metalliferous, and 
from these, ores of mercury, copper, lead, silver, and gold, are ex- 
tracted. Indeed, according to Sir Roderick Murchison, “The 
most usual original position of gold is in quartzose veinstones 
that traverse altered palseozoic slates, frequently near their junc- 
tion with eruptive rocks. Sometimes, however, it is also shown 
to be diffused through the body of such rocks, whether of igneous 
or of aqueous origin. The stratified rocks of the highest anti- 
quity, such as the oldest gneiss or quartz rocks, have very seldom 
borne gold : but the sedimentary accumulations which followed, 
or the Silurian, Devonian, and Carboniferous (particularly the 
first of these three), have been the deposits whi^, in the tracts 
where they have undergone a metamorphosis or change of 
structure by the influence of igneous agency, or other causes, 
have been the chi^ sources whence gold has been derived.” 


KECAPITDLATION. 

In the preceding chapter we have presented an outline of the 
oldest or earliest fossiliferous strata as yet known to geologists. 
Originally designated the Oreywack^, or Transition formation, and 
but imperfectly defined and little understood, these strata have 
recently imdergone a most minute and careful survey, as regards 
both their pala^ntology and their order of superposition. They are 
largely developed in various countries, both in the Old and in the 
New world, and typically so in the district between England and 
Wales anciently inhabited by the Silures ; hence the designation 
by Sir R. Murchison, their first and \nost ardent investigator, of 
the Silurian System. The system, though consisting, in the 
main, of alternations of flagstones and sandstones, of argillaceous 
and calcareous shales, of clayey limestones, and limestones of a 
concretionary structure, has been divided into lower and upper 
groups, and these groups again, in the typical district, into the 
Ilandeilo, Werdock, and LmIow series. In the several series, 
abundant traces of lowly life have been detected, and numerous 
species of zoophytes, r^ata, mollusca, annelida, and Crustacea, 
figured and described. Remains of fishes have also been found in 
the upper beds, but these are regarded as marking the dawn of the 
Old Ited Sandstone epoch, rath^er than as belonging to the close 
of the Silurian. Adhering to this view as a mere provisional line 
of distinction, we obtain a well-marked palaeontological basis for 
the Old Red Sandstone ; and can view the graptolites ; the favo- 
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sites and heliolites ; the actiniocrinites, the marsupites, and 
cystideae ; the lingulae, terebratulae, and orthidae ; the lituites and 
orthoceratites ; the serpulites and tentaculites ; the asaphus, caly- 
mene, trinucleus, and other trilobites, as the peculiar and dis- 
tinctive fauna of the silurian era. These creatures are all of true 
marine habitat, and, coupling this vrith the facts of ripple-mark, 
and with frequent alternations of shales, which were originally 
sea-silt; of sandstones, which point to sandy-shores ; of conglo- 
merates, which speak of gravel-beaches ; and of limestones, that 
tell of shell-beds and coral-reefs, we are carried back through the 
lapse of ages to a series of seas and bays and estuaries, in which 
the operations of life and development went forward, deepening 
and spreading and multiplying, even as they do now. The silurian 
strata seem to be extensively developed in most countries of the 
world, and, though affording no important mineral product of 
themselves, are, along with the other palaeozoic rocks, thought to 
be the chief repositories of those auriferous veinstones, whose 
golden metal has ever been the coveted treasure of man, whether 
savage or civilised. , 


VIII. 

THE OLD BED SANDSTONE OR DEVONIAN SYSTEM, EMBRACING THE 
GREY FLAGSTONE, THE RED CONGLOMERATE, AND THE YELLOW 
SANDSTONE GROUPS. 

73. Taking the Coal Measimes as a sort of middle point, there 
is generally found in the British Islands one set of reddish sand- 
stones lying beneath, and another set lying immediately above 
them. By the earlier geologists, the lower set was designated the 
Old Red Sandstone, and the upper the New Red Sandstone ; and 
though the progress of the science has rendered it necessary to 
impose certain limitations on these terms, they are still sufficiently 
distinctive and easily remembered. The Old Em Sandstone system, 
therefore, may be neld as embracing the whole series of strata 
which lie between the silurian system on the one hand, and the 
carboniferous system on the other. Certain portions of the system 
are peculiarly developed in Devonshire, hence the term Devonian, 
which is generally employed as synonymous with the earlier and 
more descriptive one of “ Old Eed Sandstone.” 

74 The Old Bed Sandstone, as the name sufficiently indicates, 
consists of a succession of sandstones, alternating with subordi- 
nate layers of sandy shale and beds of concretionary limestone. 
The sandstones pass in fineness from close-grained fissile flagstone 
to thick beds of coarse conglomerate, and the shales from sandy 
laminated clay to soft flaky sandstone. The whole system is leas 
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or more coloured by the peroxide of iron — the shades varying 
from a dull rusty grey to a bright red, and from red to a fawn or 
cream-coloured yellow. Many of the shales are curiously mottled 
— green, purple, and yellow — and present an aspect which, once 
seen in the field, is not soon forgotten. On the whole, shades of 
reddish colour may be said to pervade the system, unless in some 
of the lower slaty bands, which present a dark and semi-bituminous 
aspect. The slaty bands of sandstone are locally known as flag- 
stones and tilestones; the conglomerates, which are merely solidified 
gravel and shingle, are fancifully termed pudding-stones — the 
pebbles being mingled through the mass like the fruit in a plum- ’ 
pudding ; ana the Umestones, from their siliceous or concretionary 
texture, are generally known by the name of comstojies. The 
shales are occasionally soft and Wable, and in this state are by 
some termed marls, but from their containing no lime the name 
is by no means appropriate. 

75. Starting from the flaggy beds which top the Silurian rocks, 
and contain the spines, scales, teeth, and other remains of fishes, 
the following may be taken as the order of succession among the 
Old Red Sandstone strata, at least as typically developed in the 
British Islands : — 

1. Yellow sandstones, generally fine-grained, but in- 
cluding detached pebbles, and alternating with, 
layers of mottled shales. Abundant remains of fisltes, 
but few traces of vegetaMes. 

2. Coarse red conglomerates interrupted by occasional 
beds of chocolate-coloured quartzose sandstone. Oc- 
casional fish-scales. 

3. Red sandstones, generally in thick beds of a dull 
brick red, enclosing detached pebbles of quartz and 
other rocks. Conglomerate beds, layers of greenish 
shale, and befls of concretionary limestone, are occa- 
sionally interstratifled. Organic remains rare, and 
not very distinct. 

4. Grey or reddish rusty grey sandstones with enclosed 
pebbles and beds of conglomerate, interstratifled with 
^eyish flagstones and sandy shales. Remains of 
fishes, Crustacea, and plants. 

6. Dark grey micaceous flagstones and tilestones, with 
oec.asional flaggy schists of a dark bituminous a-spect. 
Remains of mollusca, Crustacea, and fishes ; traces of 
reptiles; and vegetable impressions. 

The preceding synopsis represents the usual order of the system 
as it occurs in Scotland and England, though few districts pre- 
sent an entire suite from the lowest to the highest strata. 

76. The organic remains of the Old Red Sandstone, though not 
profusely scattered through the system, are of high and increasing 
interest, inasmuch as they furnish distinct evidence of terrestrial 
vegetation, as well as the earliest traces of vertebrate life on our 
globe. Among the tilestones and flagstones, and also among some 
of the more laminated shales, we have impressions of fuci or sea- 
weeds, of marsh-plants apparently aUiecl to the equisetum, the 
bulrush, and sedge, and of land-plants akin to the tree-ferns, 
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calamites, and lepidodendron. These vegetable remains generally 
occur in a fragmentary and carbonised state, as if they had been 
drifted from a distance to the sea of deposit. Among the flaggy 
shales of the lowest group, there occur occasional bands of a dark 
bituminous aspect, but it is still a question whether this bituminous 
matter is the product of vegetable or animal decay. As a whole, 
the system is by no means fertile in plant remains, and it would 
seem that during the Old Red Sandstone period, the Flora of the 
world was confined to a few detached and limited areas. The 
Fauna of the system, on the other hand, is much more abundant 
and peculiar. Taking the strata as more especially investigated in 
Scotland, England, Ireland, and Belgium, it may be safely asserted 
that fishes of remarkable structure and organisation constitute the 
characteristic fossils. It is true that we have a few genera of shells 
(bivalve and univalve) ; of peculiar crustaceans, like the pterygotm 
(pteron, a wing, and goes, go'etos, a deceiver, from its fragments 
first being mist^en for those of a fish) ; and recently of one or 
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two specimens of lacertilian or lizard-like reptiles ; but that pro- 
fusion of corals, shells, and trilobites, which thronged the silurian 
seas, is here superseded by other oiders and other arrangements. 
The fishes of the period are peculiar, inasmuch as they are covered 
with bony plates, or with hard enamelled scales ; are frequently 
furnished with bony spines or external defences ; and are many 
of them of forms widely different from the fishes of existing seas. 

77. Without entering into the anatomy of fishes, we may here 
explain a few terms frequently made use of by geologists in de- 
scribing those remains. Fossil, like living, fishes, are either osseous 
or cartilaginous ; that is, have either a bony skeleton like the had- 
dock and salmon, or one composed of mere cartilage like the shark 
and skate. As the scales or external coverings are the best pre- 
served portions of fossil fishes, they have been arranged into four 
great orders according to the structure of these parts, — namely, 
the ganoid, placoid, ctenoid, and cycloid. 1. The ganoid {ganos, 
splendour) are so called from the shining surface of their enamelled 
scales. These scales are generally angular, are regularly arranged, 
entirely cover the body, are composed internally of bone, and coated 
with enamel. Nearly all the species referable to this division are 
extinct ; the sturgeon and bony-pike of the North American lakes 
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are living examples. 2. The jplacoid {plax, a plate) have their 
skins covered irregularly with plates of enamel, often of consider- 
able dimensions, but sometimes reduced to mere points, like the 
shagreen on the skin of the shark, or the prickly tubercles of the 
ray. This order comprises all the cartilaginous fishes, with the 
exception of the sturgeon. 3. The ctenoid {kteis, ktenos, a comb) 
have their scales of a horny or bony substance without enamel, 
and jagged on the posterior edge like the teeth of a comb. The 
perch may be taken as a living example of this division. 4. The 
cycloid {cyclos, a circle) have smooth, bony or homy scales, also 
without enamel, but entire or rounded at their marmns. The 
herring and salmon are living examples of this order, which 
embraces the majority of existing sp>ecie8. Besides these distinc- 
tions, it is also usual to recognise fossil fishes as heterocercal and 
homocercal ; that is, according as their tails are unequally or 
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equally lobed. Thus in heterocercal species {heteros, different, and 
cercos, a tail) the tail is chiefly on one side, like that of the shark 
and sturgeon, the back-bone being prolonged into the upper lobe ; 
in homocercal species {homos, alike) the lobes of the tail are equal 
or similar, as in the salmon and herring. In paleontology this 
distinction, as will afterwards be seen, is an important one, all the 
fishes up to a certain period being heterocercs, the equally-lobed 
and single-rounded tans being characteristics of more recent and 
existing species. 

78. Of the more characteristic fishes , we may notice the cephal- 
aspis, or buckler-head {kephal^, the head, and aspis, a buckler), so 
nam^ from the shield-like shape of its head ; the coccosteus, or 
berry-bone {kokkos, a berry, and osteon, a bone), so called fi^m the 
berry-like tubercles which stud its bony plates ; the pterichthys, or 
wing-fish {pteron, a wing, and ichthys, a fish), which receives its 
name from the peculiar wing-like appendages attached to its body ; 
the holoptychius, or aU- wrinkle {holos, entire, &nd ptyche, a wrinkle), 
so termed from the wrinkled surface of its large enamelled scales ; 
osteolepis, or bone-scale (osteon, a bone, and lepis, a scale) ; dipterus, 
or double-fin, and so forth — all of them receiving their names from 
some marked and peculiar external feature. These fishes seem to 
have thronged the waters of the period, and their remains are 
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often found in masses, as if they had been suddenly entombed 
in living shoals by the sediment which now contains them. Occa- 
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a fish, and Htho», a stone) ; and the detached spines are known by 
the name of ichihyodoruUtea {ichthys, a fish, doni, a spear, and 
lithos, a stone). Of Reptiles, we have the footprints impressed on 
certain slabs of the lower and upper flagstones ; but of the actual 
remains of such creatures we have only one or two small speci- 
mens, apparently allied to the Lacertiliaus or Lizards — one of the 
most pei'fect being the Tderpeton Elginense, discovered in 1852 by 
Mr Patrick Duff of Elgin. In this small reptile we have the first 
instance of a true air-breathing animal — a creature whose existence 
bespeaks the presence of dry lands and swampy shores ; in all likeli- 
hoc^ the same plains and river-banks on wliich grew the equisetums, 
the reeds, and rush-like plants to which we have already referred. 

79. The igneous rocks more intimately a.ssociated with the 
system are greenstone, clinkstone, compact felspar, felspar-por- 
phyry, claystone-porphyry, amygdaloid, and other varieties of fel- 
spathic trap. Unless in the lower group, these traps are rarely 
interstrati fled with the sandstones, and in this respect present a 
striking difference from the tufas and ashes which often alteraate 
with the strata of the Silurian and lower carboniferous systems. 
They occur chiefly as upheaving and disrupting m.asses, and are 
themselves frequently cut through by later dykes of greenstone, 
felspar, and poiphyry — thus seemingly indicating a cessation of 
volcanic action during the main deposition of the old red sandstone, 
but a period of great activity and disturbance both at its com- 
mencement and at its close. Granitic outbursts are rare in con- 
nection with the Old Red ; and it may be assumed, as a general 
rule, that the period of the granite had given way to that of the trap, 
with its multifarious compounds. The physical features of red 
sandstone districts in Britain are generally diversified and 
irregular — the hills being less bold and precipitous than those of 
primitive districts, and more lofty and irregular than those of the 
later secondaries. Where the strata are unbroken by trap erup- 
tions, the scenery is rather flat and tame ; but the soil is light and 
fertile, being based on sand, gravel, and friable clays, the ancient 
debris of the formation. On the other hand, the hills of old red 
districts present great diversity of scenery ; here rising in 
rounded heights, there sinking in easy undulations, now swelling 
in sunny slopes, and anon retiring in winding glens or rounded 
valley-basins of great beauty and fertility. The Ochils and 
Sidlaws in Scotland, with their intervening valleys, and the hills 
of Hereford, Brecknock, and Monmouth in England, belong 
exclusively to this formation, and may be taken as the type of ite 
physical features. 

80. The geographical distribution of the old red sandstone is 
very extensive, and there are few regions in which one or other 
of its groups is not clearly developed. In the eastern coimties of 
Scotland, all the groups of the system are well exposed ; the 
lower portions occur largely in South Wales and Devon, in the 
south of Ireland, in Belgium, and in Germany ; the middle por- 
tions occupy extensive areas in Russia and the flats of Central 
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Europe, in Siberia and Tartai-y, on to the flanks of the Himalaya 
Mountains ; and different members of the system are found in 
Central and Southern Africa, in the United States, and the 
Brazils. Wherever the system occurs, its strata give ample 
evidence of oceanic conditions — of deep and tranquil seas, in 
which were deposited the frequent alternations of the flagstones 
and tilestones ; of sandy shores, where the thick beds of sand- 
stones were collected and arranged ; and of gravel beaches, which 
were cemented and solidified into conglomerates and pudding- 
stones. The frequent ripple-marks speak of receding tides, the 
indentations left by rain-drops tell of heavy showers, the abun- 
dance of fish-remains testify to the exuberance of marine life, and 
the foot-tracks and skeletons of reptiles indicate in like manner 
the presence of terrestrial existence. And if we turn to the 
vegetable remains, we find in them, scanty as they may appear, 
sufficient evidence of marsh, and plain, and hill-side, of rains to 
nourish, and rivers to transport. 

81. Economically, the old red system is not of prime impor- 
tance. From the slaty or laminated beds we obtain such flag- 
stones as those of Arbroath and Caithness, so extensively em- 
ployed in paving. Building-stone is also obtained from the com- 
pacter sandstones, but in general the freestones of the system are 
neither of great beauty nor durability. The felspars, porphyries, 
and greenstones are exceedingly durable, but are seldom used in 
building, owing to the difficulty of dressing them into form. They 
make first-rate road materials, however, and for this purpose are 
largely employed in the districts where they occur. To the traps 
of the old red the lapidary is chiefly indebted for most of the 
agates, jaspers, carnelians, and calcedonies, known as “Scotch 
pebbles” — these gems being usually found in rough-looking 
nodules among the debris of the disintegrated rocks. 


RECAPITCLATIOK. 

The system which we have now reviewed under the term of the 
Old Red Sandstone or Devonian, is one of the most remarkable 
and clearly defined in the crust of the globe. Characterised on 
its lower margin by strata containing the remains of fishes, and 
which form a line of separation, as it were, between it and the 
underlying Silurian, and defined, on its upper margin, by the 
rarity of that vegetation which enters so profusely into the com- 
position of the Carboniferous rocks, there can, in general, be no 
difficulty in determining the limits of the old red formation. On 
the whole, its composition is manifestly arenaceous, the great bulk 
of the system being made up of sandstones and conglomerates, 
with subordinate layers of shale and concretionary limestones. 
Though containing shells, Crustacea, and plant-impressions, its 
distinctive fossils are fishes, often of peculiar forma, and all cov- 
ered either with hard enamelled scales, or with bony plates, and 
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frequently armed with fin-spines. Footprints and bones of small 
reptiles have also been recently detected, thus marking the old 
red epoch as that during which vertebrated aiivbreathing animals 
first made their appearance on our globe. The igneous rocks con- 
nected with the system are greenstones, clinkstones, claystones, fel- 
spars, porphyries, and other varieties of felspathic traps. These 
traps are rarely interstratified with the sandstones, and generally 
appear as disrupting and upheaving masses, either about the com- 
mencement or at the close of the period when those hills and 
ranges were formed, which confer on old red districts their pecu- 
liarly undulating and diversified scenery. Looking at the whole 
system, both in point of time and composition, we are promi- 
nently reminded of marine conditions — of sea-shores whose sands 
form^ sandstones, and of beaches whose gravel was consoli- 
dated into conglomerates and puddingstone — of receding tides 
that produced ripple-marks, and of showers that left their im- 
pressions on the half-dried silt of muddy estuaries. The reddish 
colour which pervades the whole strata, shows that the waters of 
deposit must have been largely impregnated with iron — in all 
probability derived from the earlier granitic and metamorphic 
rocks, whose degradation supplied the sands and gravels of the 
system. If^ on the other hand, we investigate the fossil remains, 
we are reminded of disturbances which entombed whole shoals of 
fishes in marine sediment ; of marshes and river-banks which 
gave birth to a scanty growth of ferns, reeds, and rush-like vege- 
tables ; and of sedgy marans, where frog-like reptiles enjoyed 
the necessary conditions of an amphibious existence. 


IX. 


CARBONIFEROUS SYSTEM, EMBRACING THE LOWER COAL-MEASURES, 
MOUNTAIN LIMESTONE, AND TRUE COAL-MEASURES. 

82. Immediately above the Old Eed Sandstone, but clearly 
distinguished from it by the abundance of their vegetable remains, 
occur the lower members of the Carboniferous System. It is 
to this profusion of vegetable matter — the main solid element of 
which IS carbon — that the system owes its name ; a profusion 
which has formed seams of coal (coal being but a mass of mineral- 
ised vegetation), enters into the composition of all the black bitu- 
minous or coaly shales, and which stamps many of the sandstones 
and limestones with a carbonaceous aspect. As above indicated, 
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the system is generally separable into three well-marked groups 
— lower coal-measures, or the carboniferous slates; the mourUain 
limestone; and the upper or true coal-^neasures. The student 
must not, however, suppose that these groups are everywhere 
present one above another in regular order. All that is affirmed 
by geology is, that these three gi-oups are found in certain locali- 
ties ; and it is a rule of the science always to take as the type of 
a formation the fullest development that dm be discovered. In 
some districts, as in the north of England, the carboniferous slates 
are absent, and the mountain limestone with its shales rests im- 
mediately on the old red sandstone ; in other countries both the 
lower groups are absent, and the coal reposes on old crystalline 
rocks ; while, on the other hand, in Ireland the carboniferous 
slates and mountain limestone are enormously developed, and the 
coal-measures very sparingly and partially so. Whatever portion 
of the system may be present, it is always easily recognis^ — the 
abundance and peculiarity of its fossil vegetables impressing it 
with features which, once seen, can never be mistaken for those 
of any other formation. Derived from the waste of all the pre- 
ceding rocks — the granitic, metamorphic, Silurian, and old red 
sandstone — the strata of the system necessarily present a great 
variety and complexity of composition. There are sandstones 
of every degree of purity, from thick beds composed of white 
quartz grains, to flaggy strata difiering little from sandy shales ; 
shales from soft laminated clays to dark slaty flags, and from 
these to beds so bituminous that they are scarcely distinguishable 
from impure coals ; and limestones, from sparkling saccharoid 
marbles to calcareous grits and shales. Besides these varieties 
of sandstones, clays, shales, and limestones, there occur, for the 
first time in the crust, seams of coal and bands of ironstone, and 
these also, appearing in every degree of admixture, add still 
further to the complexity of the system. On the whole, the 
carboniferous strata, from first to last, may be said to be com- 
posed of frequent alternations of sandstones, shales, limestones, 
coals, and ironstones — and these in their respective groups we 
shall now consider. 


Lower Coal-Measures or Carboniferous Slates. 

83. This group is meant to embrace all the alternations of 
strata which lie between the old red sandstone and the mountain 
or carboniferous limestone. In some districts it is very scantily 
developed ; in others, as in Ireland and Scotland, it attains a thick- 
ness of several thousand feet. In the south of Ireland it consists 
chiefly of dark slaty shales, grits, flaggy limestones, and thin 
seams of impure coal ; and has, from the general slaty aspect of 
its strata, been termed the Carboniferous Slates. In Sostland, 
particularly in Fife and the Lothians, it has none of this slaty 
character, but consists essentially of thick-bedded white sand- 
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stones, dark bituminous shales, frequently imbedding bands of 
ironstone, thin seams of coal, and peculiar strata, either of shell- 
limestone or of argillaceous limestone, thought from its fossils to 
be of fresh-water or estuary origin. Unless in its fine white 
sandstones (the ordinary building-stone of Edinburgh and St 
Andrews), in its fine-grained estuary and shell limestones, and in 
the greater profusion of its shells and fishes, the lower group, as 
developed in Scotlan(f, differs little in appearance from the upper 
group ; hence the term Lower CoaLMeaaures generally applied 
to it in that country. 

84. Looking at the lower coal-mea-sures in the mass, there 
cannot be a doubt they were deposited under very different con- 
ditions from the old red sandstone beneath, and the mountain 
limestone above. Both these formations are eminently marine — 
the yellow sandstones being replete with true oceanic fi.shes, and 
the mountain limestone profusely charged with marine shells and 
corals. The lower coal-measures, on the other hand, have more of 
a fi^sh-water than of a salt-water aspect. Coralloid fossils are 
rarely or ever found in its strata ; its shells are decidedly estuary ; 
its plants seem to have grown in marshes and delta-jungles, and 
many of its fishes are large and of sauroid types. Under these 
circumstanc&s, we are justified in regarding it as a separate group 
—a group which, when more minutely investigated, will throw 
much important light on the earlier history of the period. 

85. In its mineral composition and structure, this group bears 
evidence of frequent alternations of sediment, as if the rivers of 
transport were now charged with mud and vegetable debris, now 
with limy silt, and anon with sand and clay. There are no con- 
glomerates as in the old red sandstone, and from the laminated 
structure of most of the strata, they seem to have been deposited 
in tranquil waters. There are, however, more frequent interstra- 
tifications of igneous rocks, as if the seas and estuaries of deposit 
had also been the seats of submarine volcanoes and craters of 
eruption. The iron which impregnated the waters of the old red 
period, and tinged with rusty red the whole of that system, now 
appears in the segregated form of thin layers and bands of iron- 
stone. The frequent thin seams of coal point to a new exuberance 
of terrestrial vegetation, and indicate the existence of a genial 
climate, and of diy lands — of jungles where pines like the arau- 
caria reared their gigantic trunks — of river banks where tree-ferns 
waved their feathery fronds — and of estuary swamps where 
gigantic reeds, equisetums, and other marsh vegetation, nourished 
in abundance. When we turn to the shell-limestones, and find 
them two or three feet in thickness, and entirely composed of 
mussel-like bivalves, we are instantly reminded of estuaries where 
these shell-fish lived in beds as do the mussel and other gregarious 
molluscs of the present day. Or if we examine the frequent 
remains of the fishes which are found in the shales and limestones, 
we have ample evidence of their predacious habits, and are forcibly 
reminded of shallow seas and estuaries, where huge sauroid fishes 
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were the tyrant-scavengers of the period. A few fragments of 
land-shells, and the skeletons of some minute reptiles of the frog 
kind, indicate the existence of a terrestrial fauna which becomes 
more abundant and varied in the higher groups of the system. 


Mountain or Carboniferous Limestone. 

86. This group is one of the most distinct and unmistakable in 
the whole crust of the earth. Whether consisting of one thick 
reef-like bed of limestone, or of many beds with alternating shales 
and gritty sandstones, its peculiar corals, encrinites, and shells 
distiuguish it at once from all other series of strata. In fact, it 
forms in the rocky crust a zone, so marked and peculiar, that 
it becomes a guiding-post, not only to the miner in the carbonifer- 
ous system, but to the geologist in his researches among other 
strata. It has received the name of Mountain Limestone because 
it is very generally found flanking or crowning the trap-hills that 
intervene between the Old Red and the CoS Measures, where, 
from its hard and durable texture, it foims bold escarpments, as 
in the hills of Derbyshire, Yorkshire, Fife, and many parts of 
Irel.and. It is also termed the Carboniferous Limestone, from its 
occurring in that system, and constituting one of its most remark- 
able features. 

87. As already indicated, this group in some districts consists 
of a few thick b^sof limestone, with subordinate layers of calcare- 
ous shale. In other localities the shales predominate, and the 
limestones occupy a subordinate place alternating -w-ith the shales, 
thin seams of coal, and strata of gritty sandstones. Occasionally 
the limestone appears in one bold reef-like mass, of more than a 
hvmdred feet in thickness, separated by a few partings of shale, or 
rather layers of impure limestone. Whatever be the order of suc- 
cession, it usually occurs as a dark sub-crystalline limestone, occa- 
sionally used as marble, but more frequently raised for mortar and 
agricultural purposes. Along with the other members of the group, 
it is often replete with the exuvia; of corals, encrinites, and 
sheila, these fossils forming the curious ornamental markings on its 
polished surface. Besides being rent and dislocated like all other 
stratified rocks, it is further intersected by what are caWeA joints 
or divisional planes (the “ backs ” and “ cutters ” of the quarryman) 
— these being fissures perpendicular to the lines of bedding, and 
causing the rock to break up in large tabular masses. These 
natureJ i-ents affording free pa.ssage to water, the mountain lime- 
stone is very often grooved and channeled ; these channels, where 
the rock is thick, becoming caverns and grottoes of great extent 
and magnitude. It is to this percolation of water, charged 
with carbonic acid, that we owe not only these caverns, and the 
beautiful stalactites and stalagmites which adorn their roofs and 
floors, but also the numerous petrifying springs which abound iu 
limestone districts. 
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88. The foaaila of the limestone group are the usual coal- 
plants iu the shales ; and in the calcareous beds numerous 
varieties of corals, corallines, encrinites, shells, trilobites, and 
enamel-scaled fishes, some of huge size and sauroid aspect. The 
whole of these fossils are highly indicative of marine conditions, 
and in general the observer feels as little difficulty in accounting 
for the formation of the group, as he does in accounting for the 
origin of an existing cond-reef Among the zoophytes the most 
characteristic are varieties of retepora and fiuatracea, whose 
net-like markings are found in almost every bed of calcareous 
shale ; and of numerous cup-corals, star-corals, tube-corals, and 
branching and lamdliferous corals, such as constitute the grow- 
ing coral-reefs of the Pacific. Of the radiata, by far the most 
abundant are the crinoidea or encrinites, whose jointed stems 



1, Cyatbocrinlte : 2, Encrinital limestone : 3, Enciinite : 4, Joints of Pectacrinite. 


and branches often make up the entire mass of limestone. As 
trilobites were especially characteristic of the silurian period, and 
bony-plated fishes of the old red sandstone, so may encrinitM be 
regarded as peculiarly distinctive of the mountain limestone. They 
occur in endless varieties, but are all constructed on the same 
plan — viz., that of a cu]>-like body, furnished with numerous arms 
and branches, and attached to the sea^bottom by a jointed and 
flexible stalk. They derive their names chiefly from the shape 
of their cup-like bodies, or from that of the calcareous joints 
which compose the stalk. Thus we have the cyatkocrinite, so 
called from the cup-like shape of its body ; the apiocrinite, or 
pear-shaped ; the pentacrinite, whose stalk is five-sided instead 
of round ; the actinocrinite, or spiny encrinite ; the encrinites 
moniliformis, so called from the necklace aspect of its stalk ; and 
many others, all deriving their names from some marked external 
character. Besides the encrinites, or lily-shaped radiata, there 
are true star-fishes, like the asterias of our own seas, and echino- 
derms, like our sea-urchins. Of the shell-fish, the bivalves, 
known as prodnctus, terebratvda, and spirifer; the univalves, 
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turiteUa, patella, and buccinum ; the coiled chamhered-ehells, 
euomphalue, goniatites, and bellerophon ; and the straight cham- 



Prodactus : 2, InocerainuB: 3. Spirifer : 4. Terebratula. 

bered-shells, known as orthoceratUes, are the most abundant and 
characteristic. Of crustaceans, trilobites are still found, but not 
in great numbers nor variety ; and of true vertebrate fishes, the 



1: BeUerophon ; 2, Orthocei&tite ; 3. Euotnphalus, 

hohptycMus, the megalichthys (large fish), and paJmyniseus, are 
the most common in Britain. Another common fossil in the 
shales of the mountain limestone and coal-measures, as indeed in 
the shales of all the secondary formations, is the coprolite {kopros, 
dimg, and lithos, a stone), or fossil excrement of &hes and sau- 
rians. In many instances coprolites contain scales, fragments of 
shells, &C., the remains of creatures on which these voracious 
animals preyed, and not unfrequently they exhibit the corruga- 
tions and convolutions of the intestinea 


The Upper Coal-Measures. 

89. This group, which completes the Carboniferous system, 
derives its name from the fact that it furnishes in Britain those 
valuable beds of coal which contribute so materially to our 
country’s prosperity and power. Occurring immediately above 
the Mountain limestone, or sometimes separated &om it, as in 
the north of England, by thick beds of quartzose sandstone, 
known as the MilMone grit, it consists essentially of alternations 
of sandstones, grits, fire-clays, black bituminous shales, bands of 
ironstone, seams of coal, and occasional beds of impure limestone. 
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One of the most notable features in its composition is the frequent 
recurrence of seams of coal and beds of bituminous shale — all 
bespeaking an enormous profusion of vegetable growth, and a 
long-continued epoch in the world’s history, when conditions of 
soil, moisture, and chmate conjoined to produce a flora since 
then unparalleled either in tropical forms or in abundance. It 
is this profusion of vegetable growth, now converted or mineral- 
ised into coal, which distinguishes the carboniferous from all 
other systems — the lakes and estuaries of the period being 
repeatedly choked with vegetable matter, partly drifted from a 
distance by river inundations, and partly accumulated on the bed 
of its growth after the matter of peat-mosses, Jungles, and sub- 
merged forests. 

90. The coal-measures, as already stated, consist of alterna- 
tions of sandstones, coals, shales, ironstones, clays, and impure 
limestones. Among these multifarious beds there is no apparent 
order of succession, though gritty sandstones may be said to 
prevail at the base of the group, shales and coals in the middle, 
and sandstones and marly-shale in the upper portion — these 
gradually passing into the superior system of the new red sand- 
stone. The sandstones occur m great variety, but are in general 
of a dull-white or brOwn colour, and thick-bedded. Occasionally 
they are thin-bedded or flaggy, but in this case they are more 
or less mingled with carbonaceous, argillaceous, or calcareous 
matter. The coals also present numerous differences, and are 
known to mineralogists as anthracite, a non • bituminous and 
semi-lustrous variety ; caking-coal, a highly bituminiferous sort, 
like that of Newcastle, which cakes or undergoes a kind of 
fusion during combustion ; splint, a less bituminous and slaty 
variety, which burns free and open, without caking ; and cannel, 
a compact lustrous variety, which breaks with a conchoidal or 
shell-like fracture, and is extensively used in the manufacture of 
gas. The shales are all dark-coloured, and more or less bitu- 
minous ; the limestones impure and earthy ; and the ironstones 
occur in bands or in nodules — either as a clay-carboqate of iron, 
or in combination with bituminous or coaly matter, as the “ black- 
band ” of Scotland. 

91. The organic remains of the coal-measures, though exhibiting 
many features in common with the groups already described, are 
still, as a whole, peculiarly well defined. As an estuary deposit, 
nmny of the beds contain shells (the “ mussel-bands” or “mussel- 
binds” of the miner), fishes, and other aquatic exuviae. A 
few encriuites appear in certain exceptional beds of limestone, 
but otherwise m.-irine types are subordinated, and estuary ones 
prevail. Tlie fishes are chiefly of large size, and of a sauroid 
chai-acter ; and in several fields — as those of Germany, Belgium, 
Nova Scotia, and Britain — we have evidences of terrestrial life in 
the skeletons of certain lizard and frog-like reptiles, and in frag- 
ments of land-shells and remains of insects. The grand feature 
of the period, however, is the abundant and gigantic flora, com- 
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prising hundreds of forms which have now only distant represen- 
tatives in tropical swamps and jungles. Araucarian-like pines, 
palms, tree-ferns, gigantic reeds, equisetums, club-mosses, and 
other kindred forms, crowd every bed of shale, enter into many 
of the sandstones, and constitute solid seams of coal. Of the 


1, SigiUaha; 3. Sti^maria ; 3. Lepldodcndron : 4. Calamites. 

more characteristic of these forms we may notice the sigillaria 
{sigillum, a seal), so called from the seal-like impressions on its 
trunk ; the stigmaria {stigma, a puncture), from the dotted or 
punctured appearance of its bark, supposed to be the roots of 
sigillaria ; the lepidodendron {kpis, a s^e, and dendron, a tree), 


1, Atteropbyllites ; 3, Peoopteria ; 3, 4. Kouropteris. 

from the scaly exterior of its bark ; catamites {calamus, a reed), 
from the re^-like jointings of its stalk ; and asterophgllites 
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{aMron, a star, and phyllon, a leaf), from the star-like y^horls of 
its leaves. In fact, these and all the other vegetable remains 
are named from some peculiarity of form, the ablest botanists 
being yet unable to assign them a place among existing genera. 
Of the fern-like impressions — so abundant in the shales, and which 
must meet the eye of the student in almost every fragment he splits 
— the following may be taken as tj'pical forms ; gphenopteri*, or 
wedge-leaf {»phen, a wedge, and pteron, a wing), from the wedge 
shape of its leaves ; ghssopteris, or tongue-leaf igloss^, a tongue) ; 
pecopteris, or comb-leaf {pekos, a comb) ; neurop>teris, or nerve-leaf, 
and so on with many similar forms. 

92. Whatever the botanical families to which these extinct 
vegetables belong, they now for the most part constitute solid 
seams of coal — coal being a mass of compressed, altered, and 
mineralised vegetation, just as sandstone is consolidated sand, or 
shale consolidated mud. By what chemical processes this change 
has been brought about, we need not minutely inquire ; but we 
see in peat and in lignite the progressive steps to such a mineral- 
isation ; and when thin slices of coal are subjected to the micro- 
scope, its organic structure is often as distinctly displayed as the 
cells and fibres in a piece of timber. Of the amount of vegetation 
required to form not only one seam, but forty or fifty seams, which 
often succeed each other in coal-fields, we can form no adequate 
conception, any more than we can calculate the time required for 
their growth and consolidation. This only we know, that condi- 
tions of soil and moisture and climate must have been exceed- 
ingly favourable ; that over a large portion of the globe such 
conditions then prevailed ; and that partly by the drift of gigantic 
rivers, and partly by the successive submergences of forests, 
jungles, and peat-swamps, the vegetable matter was accumulated 
which now constitutes our valuable seams of coal. 

93. During the whole of the carboniferous epoch we have ample 
evidence of igneous activity. In the lower coal-measures we have 
frequent interstratificatioas of trap>-tuff and ash, and these become 
more abundant in connection with the mountain limestone. Sub- 
sequent to the deposition of the system, it seems to have been 
shattered and broken up by those forces which elevated the trap- 
hills of the mountain limestone, and gave birth to the numerous 

, basaltic crags and conical heights of our coal-fields. The traps 
are chiefly augitic, and consist of basalts, greenstones, clinkstones, 
trap-breccias, trap-tufis, and earthy amygdaloids. The upheavals 
ana convulsions of the period have greatly dislocated the strata, 
and most of our coal-fields exhibit trap-dykes, faults, and fissures, 
in great complexity and abundance. If we except the hills of the 
mountain limestone, some of the basaltic crags and cones, and now 
and then a glen of erosion cut through the softer strata of the 
system, the scenery of coal districts is on the whole rather tame 
and unpicturesque. The soil, too, in general derived from the 
shales and clays beneath, is often cold and retentive, and requires 
all the skill and appliances of modem agriculture to render it 
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moderately fertile. These drawbacks, however, are more than 
compensated for by the value of the mineral treasiires beneath. 

94. The industrial importance of the carboniferous system can 
only be adequately appreciated in a coimtry like Britain, which 
owes to it the proud mechanical and manufacturing position which 
she now enjoys. Building-stone of the finest quality is obtained 
from the white sandstones of the lower groups ; limestones for 
mortar, hydraulic-cement, and agricultural purposes, are largely 
quarri^ from the middle group, which also yields marbles of no 
mean quality ; fire-clay for briclM and tiles and pipes is extensively 
raised from the coal-measures ; ironstone, both black-band and 
clay-carbonate, is mined in almost every coal-field, and constitutes 
almost the sole supply of this metal in Britain ; ochre (hydrated 
oxide of iron) is obtained in several localities ; alum is largely 
prepared from some of the shales ; copperas, or sulphate of iron, 
is manufactured from the pyritous shales of the coal-measures ; 
and our sole supply of co^, in all its varieties, is procured fr-om 
this system. The movmtain limestone is also in this country the 
main repxwitory of the ores of lead, zinc, and antimony, and in the 
same veinstones are associated ores of silver, and not unfrequently 
of gold. On the whole, the carboniferous system is decidedly the 
most valuable and most impwrtant to man ; and when we name 
the principal coal-fields of Britain, we point at the same instant 
to the busiest centres of our manufacturing and mechanical 
industry. 


RECAPITULATION. 

The strata we have now described constitute a well-marked and 
peculiar system, lying between the old red sandstone beneath, and , 
the new red sandstone above. Their most striking peculiarity is 
the profusion of fossil vegetation, which marks less or more almost 
every stratum, and which in numerous instances forms thick seams 
of solid coal. It is to this exuberance of vegetation that the system 
owes its name — carbon being the main solid element of plants and 
coal. Although this coaly or carbonaceous aspect prevails through- 
out the whole system, it has been found convenient to arrange it 
into tliree groups — the Lower Coal-Measures or Carboniferous 
Slates, the Mountain or Cai’boniferous Limestone, and the Upper 
or True Coal-Measures ; or more minutely, as is generally done by 
British geologists, into— 

1. TJppier coal-measures. 

2. Millstone 

3. Mountain limestone ; and, “ 

4. Lower coal-measures. 

Taking the whole succession and alternations of the strata — the 
sandstones, cla 3 rs, shales, limestones, ironstones, and coal — and noting 
their pieculiar fossils, the estuary character of the shells and fishes 
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of the lower and upper groups, and the marine character of the 
corals, encrinites, shells, and fishes of the middle group, with an 
excess of terrestrial vegetation throughout, we are reminded of 
conditions never before or since exhibited on our globe. The 
frequent alternations of strata, and the great extent of our coal- 
fields, indicate the existence of vast estuaries and inland seas, of 
gigantic rivers and periodical inundations ; the numerous coal- 
seams and bituminous shales clearly bespeak conditions of soil, 
moisture, and warmth favourable to an exuberant vegetation, and 
point partly to vegetable drift, and partly to submerged forests, 
to peat-swamps and jungle growth ; the mountain limestone, with 
its marine remains, reminds us of low tropical islands fringed with 
coral reefs, and to lagoons thronged with shell-fish and fishes ; the 
existence of reptiles and insects tells us of air, and sunlight, and 
river-banks ; the vast geographical extent of the system bears 
evidence of a more equable climate over a large portion of the 
earth’s surface ; while the interstratified trap-tuffs, the basaltic 
outbursts, and the numerous faults and fissures, testify to, a period 
of intense igneous activity — to repeated upheiivals of sea-bottom 
and submergences of dry land. .Ml this is so clearly indicated to 
the investigator of the carboniferous system, that he feels as con- 
vinced of their occurrence as if he had stood on the river-bank of 
the period, and seen the muddy current roll down its bui-den of 
vegetable drift ; threaded the channels of the estuaiw, gloomy with 
the gigantic growth of swamp and jungle ; or sailed over the shal- 
low waters of its archipelago, studded with reef-fringed volcanic 
islands, and dipped his oar into the forests of encrinites that waved 
below. The natural conditions under which the system was formed 
are not more wonderful, however, than the economical import- 
ance of its products. Building-stone, limestone, marble, fire-clay, 
. alum, copperas, lead, zinc, silver, and, above all, iron and coal, are 
its principal treasures — conferring new wealth and comfort on the 
country that possesses them, ana giving a fresh and permanent 
impetus to its industry and civilisation. 


X. 

THE PERMIAN SYSTEM, EMBRACING THE MAGNESIAN LIMESTONE 
AND LOWER NEW BED SANDSTONE. 

95. Immediately above the coal-measures — in some instances 
lying unconformably, and in others insensibly graduating from 
them — occurs a set of red sandstones, yellowish magnesian lime- 
stones, and variegated shales apd marls, enclosing irregular masses 
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of rock-salt and gypsum. To this series of strata, as more espe- 
cially developed in England, the earlier geologists applied the tei-m 
New Bed Sandstone, in contradistinction to the old red sandstone 
system, which we have already described as lying beneath the car- 
boniferous formation. Though the sandstones are not all red, nor 
the limestones the only magnesian limestones in the crust of the 
earth, still reddish hues prevail throughout the sandstones and 
shales as developed in the British Islands, and the calcareous beds 
are certainly more eminently ma^esian than any others with 
which we are acquainted. At one time the terms Poikilitic {poi- 
kilos, variegated) and Saliferous (salt-yielding) were applied to the 
system ; but the fact that variegated marls abound in the old red, 
and that salt is found in several other systems, has rendered these 
designations all but obsolete. More recently it has been proposed 
to divide the new red sandstone into two distinct systems, the 
Permian and the Triassic — the former embracing the lower mem- 
bers, which are largely and typically developed in the government 
of Penn, in Russia ; and the latter comprising the upper members, 
known as the “ Trias,” or triple group, in Germany. The reasons 
for this new arrangement are, that the fossils of the magnesian 
limestone and lower red sandstones seem more closely allied to 
those of the coal-measures beneath, than to those of the variegated 
sandstones and saliferous marls above ; in other words, present a 
palceozoic aspect, while those of the upper sandstones and marls are 
decidedly mesozoic. Such new divisions and arrangements must 
ever be expected in a progressive science like Geology ; though the 
student is earnestly cautioned against the hasty reception of inno- 
vations which merely present well-known hints under new names, 
and supplant one hypothesis by the substitution of another, without 
affording a more satisfactory explanation of the phenomena in 
question. 

96. The Permian system, as developed in England, Germany, 
and Russia, consists essentially of reddish and occasionally whitish 
quartzose sandstones ; of reddish and variegated shales (mottled, 
purple, yellow, and green) ; of yellowish limestones, containing a 
notable per-centage of magnesia ; and of calcareous or marly flag- 
stones, often largely impregnated with copper-pyrites. The sand- 
stones are generally thick-bedded, sometimes gritty, but rarely or 
never conglomerate. The shales are usually called “ marls,” but 
this less from their containing any notable quantity of lime, than 
from their occurring in a mottled, friable, and non-laminated state. 
The limestones vary from an almost pure cai’bonate of lime to an 
admixture, containing upwards of forty per cent of carbonate of 
magnesia — hence called “ magnesian limestones.” Their structure 
is often peculiar, occurring in thick beds, with subordinate concre- 
tionary masses, and layers of a powdery consistence. Tlie concre- 
tions are often of curious honeycombed, mammillary, ov pap- 

like, and hotryoidal, or in clusters like a bunch of grapes. When 
the magnesian limestone assumes a granular and crystalline tex- 
ture, it is known by the mineralogici name of dolomite, after the 
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French geologist, M. Dolomieu. The slaty or flaggy beds are 
known in England as “ marl-slates,” and in Germany, where they 
are largely impregnated with copper-pyrites, as “ keuper-marls,” 
and “ kupfer-schiefer ” (copper-slate), names now quite familiar to 
British geologists. 

97. With respect to the order of succession among the strata, 
the Permian, like every other system, presents local differences 
and irregularities. In England it consists chiefly of red sand- 
stone and grits, of magnesian limestones and gypseous marls, and 
of laminated calcareous flagstones. This succession is usually 
tabulated as follows : — 


'Laminated Limestone, with layers of coloured marls, as 
at Knottingley, Doncaster, &c. 

Gypseous Marls — R ed, bluish, and mottled. 

Magnesian Magnesian Limestone — Yellow and white ; of various 
Limestone. 1 texture and structure ; some parts, as at Tynemouth. 

brecciated, or made up of fragmentary masses. 

Marl Slates — Laminated, impure calcareous flagstones 
of soft argillaceous or sandy nature. 

Red Sandstones, with red and purple marls, and a 
few micaceous beds. The grits are sometimes 
white or yellow, and pebbly. When conformable, this 
sandstone occasionally passes into the coal-measures, 
on which it rests. 

In France, Germany, Russia, and North America, where the 
system has been well investigated, some of these members are 
wanting, while others are more fuUy and typically developed. 
Thus, placing side by side the English and German representa- 
tives, we obtain a very complete view of the system, and learn 
the important fact that it is by general tyiies, and not by any con- 
ventional arrangement of strata, that the geologist must be guided 
in his deductions : — 


Red 

Sandstone. 


In England. 
Laminated limestones. 
Bi'ecciated limestone. 
Fossiliferous limestone. 
Compact limestone. 

Marl slate. 

Red sandstones and grits. 


In Germany. 

Stinkstein. 

Rauchwackfe. 

Dolomit ; upper zechstein. 
Zechstein (mine-stone). 
Mergol-schiefer and kupfer-schiefer. 
Rotho-todo-liegendo. 


98. Taken as a whole, the student must perceive that a 
great difference exists between the red sandstones, magnesian 
limestones, and mottled marls of the Permian rocks, and the gritty 
sandstones, bituminous shales, and coal seams of the carboniferous 
system. As he ascends he will also discover as marked a mineral 
distinction between the strata and those of the lias and oolite 
above. On the other hand, when he comes to investigate the 
Triassic fossils, he will find that many forms are common both to 
the Permian and the coal-measures, and that other forms are 
common to the Trias and the oolite beds above. It was this 
passage or transition from one system of life to another that in- 
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(luced the earlier geologiats to classify the new red sandstones, the 
carboniferous formation, and the old red sandstone, as Lower or 
Older Secondaries, and the lias, oolite, and chalk, as the TJdper 
or Younger Secondaries. As already mentioned, it has been 
proposed to arrange the new red into two distinct systems — the 
Permian and Triaesic — the formep comprising those strata which 
contain fossils more or less allied to carboniferous types, and the 
latter those which contain fossils less or more allied to oolitic 
types. According to this arrangement, the Permian or lower new 
red take their place among the Palaeozoic strata, and the Triassic 
among the Mesozoic, as indicated in paragraph 42, to which the 
student is here requested to refer. 

99. The organic remains, as far as discovered, do not appear 
to be very abundant, and with this paucity of fossils it would be 
unsafe to dogmatise too confidently as to the ultimate grouping 
of all the members of the system. Among the Plants specially 
characteristic of the Permian strata maybe mentioned sphenopteris, 
neuropteris, and other ferns closely allied to those of the coal- 
measures ; calamites, asterophyllites, lepidodendron, lycopodites, 
(club-mosses), equisetums, and coniferce, or pines of the araucarian 
family. Leaves like those of the fan-palms, known by the name 
of naggerathia, with sUicified trunks of tree-ferns, termed ^aro- 
nites, are common features of the permian flora. Sigillaina and 
stigmaria, so eminently characteristic of the carboniferous era, 
have not yet been detected, and indeed the whole flora seems to 
be limited and scanty. Of Animals, a few corals and corallines 
have been found, and shells like the productus, spirifer, and mytilus, 
are not uncommon in the magnesian limestone ; but we altogether 
want that profusion of corals, encrinites, and molluscs which 
thronged the waters of the mountain limestone epoch. The tri- 
lobites have also vanished, and we have no certain instance of any 
crustacean. Of fishes we have several of the smaller ganoid forms. 



1, Pa^aacniBcus; 2, PlatyBomut. 


as ptalceoniscus, pygopterus, and plaiysomiLs ; but.with this group 
most of these forms disappear, and are never found in any sub- 
sequent formation. Keptile life seems to have been on the in- 
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crease, and the dubious forms of the old red and coal-measures 
are succeeded by true air-breathing, land-inhabiting creatures of 
the frog and lizard families, whose bones, teeth, and footprints ai e 
of frequent occurrence throughout the strata of the system. Of 
these the paktosaurus (ancient saurian), protosaunu (first saurian), 
and thecodontosaunu (sheath-topth saurian), are the most common 
and characteristic. 

100. The igneous rocks associated with the system are chiefly 
dykes and outbursts of basalt, greenstone, pitchstone, and clay- 
stone porphyry. Tliese outbursts seem to be connected with 
igneous centres situated in the older systems, and pass alike 
through the old red, carboniferous, and new red systems. With 
the exception of some tufaceous and bi-ecciated beds at the base 
of the system, there appear to be no interstratifications of igneous 
matter ; and, on the whole, the Permian era seems to have been 
one of comparative tranquillity. The consequence is, that districts 
in which it is the prevailing surface formation are in general flat 
and tame, being devoid of those eruptive undulations and eminences 
which give character to the scenery of the mountain limestone 
and old red sandstone. 

101. The industrial products of the system, though not to be 
compared with those of the coal-measures, are still of considerable 
importance. The sandstones are quarried in many districts for 
building purposes, as are also some of the magnesian limestones, 
which dress well, and are exceedingly durable. The limestones 
are likewise used in agriculture, and as mortar for the builder, 
while certain of the compact varieties found in Germany furnish 
the finest blocks for lithographic printing. Gypsum is an abun- 
dant product of some of the marls, while m Germany the kupfer- 
schiefer has been long mined as an ore of copper, and furnishes a 
large proportion of that valuable metal. 


RECAPITULATION. 

The system above described consists essentially of reddish 
sandstones, yellowish magnesian limestones, and slaty calcareous * 
beds. From the prevailing hues of its strata, and from the fact 
of its lying immediately above the coal-measures, it has been 
termed the new red sandstone, in contradistinction to the old red, 
which lies beneath. Along with the saliferous marls and varie- 
gated sandstones of the triassic strata above, it was early observed 
to hold a sort of middle place among the secondary formations ; 
hence the lias, oolite, and chalk above were considered as younger 
or upper secondaries, while the new red, the carboniferous strata, 
and the old red, were termed the older or lower secondaries. From 
the fact of the lower members of the new red ^dstone contain- 
ing fossils more or less allied to carboniferous types, and its upper 
members imbedding those less or more allied to oolitic forms, it 
has been recently proposed to separate these into two distinct 
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systems — the Permian (from Perm in Pussia, where it is exten- 
sively developed), and the Triaseic, regarding the triple group of 
Germany as typical of its upper strata. Adopting this view, we 
have the following synopsis ; — 


Teias. 


{ 


Keeper. 
Muschelkalk. 
Bunter sandstcin. 


■J Saliferous marls and grits. 
( Wauling.) 

) Variegated sandstones. 


Permian. 


Lower bunter. 
Zochstein. 
Kupfer-schiofer. 
Rothe-liegende. 


Caseous marls and grits, 
ifagnesian limestone. 
'Marl slate. 

Bed sandstones. 


In the Permian, the fossils are plants akin to those of the coal- 
measures, with crinoids, shell-fish, fishes with heterocercal tails?, 
and frog-like reptiles. In the Trias, as will be seen in the next 
chapter, the plants resemble oolitic types, and the animal remains 
are corals, encrinites, shell-fish, fishes with homocercal tails, amphi- 
bious reptiles, and traces of birda Taking the whole composition, 
succession, and remains of both systems, they indicate a period of 
shallow seas supercharged with saline matter, of muddy estuaries 
and lagoons, of an arid and warm climate, and of frequent sub- 
mergences and upheavals. During the period many forms of life 
disappeared, and were succeeded by others of a different type and 
order ; hence the permian group is regarded as po/aozoic, and the 
triassic as mesozoic. On the whole, the Permian strata have been 
little disturbed by igneous rocks, and new red s,andstone districts 
are in consequence rather flat and monotonous. The soil is of 
medium quality, and affords rich verdant pastures rather than 
arable land for mixed husbandry. Industrially, the system yields 
building-stone, limestone, lithographic blocks, gypsum, and copper. 


XI. 


THE THIA8SI0 SYSTEM, COMPRISING THE KEUPER, MUSCHELKALK, 
AND BUNTER SAND3TEIN OP GERMANY, OR UPPER NEW BED 
SANDSTONE OF ENGLAND. 


102. The reasons for separating what was formerly known as 
the “ New Red Sandstone ” into two distinct systems — the Per- 
mian and Triaatic — have been stated in the preceding chapter. 
Before this division, it was usual to arrange the new red sand- 
stone, as developed in England, into upper, middle, and lower 
groups — the upper comprising the saliferous marls and variegated 
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sandstones of Cheshire ; the middle, the magnesian limestones of 
York and Durham ; and the lower, those radish sandstones and 

f *its which immediately overlie the coal-measures in the north of 
ngland. The succession of the strata composing the lower and 
middle groups has been tabulated in paragraph 97. The following 
exhibits the lithology of the upper section : — 


Variegated Marls. — Red, with bluish, groenish, and whitish laminated 
clays or marls holding gypuim. generally, and rock-salt partially (as 
in Cheshire). Interstratifled with these marls are certain grey and 
whitish sandstones. 

Variegated Sandstones. — Red sandstones, with white and mottled 
portions ; the lower strata in some districts pebbly. 


In addition to these marls and sandstones, there is developied on 
the Continent a considerable thickness of shelly fossiliferous lime- 
stone known as the muschelkalk ; and when this is interpolated, 
the iniper new red consists of three well-marked members ; hence 
the Trias, or triple system of German geologists. Tabulated in 
descending order, the following exhibits the details of the system 
as developed in Germany and England : — 


1. Keuper. 


Germany. 

/ Saliferous and gypseous 
J shales, with beds of variegated 
j sandstones, and carbonace- 
^ ous laminated clays. 


England. 

Saliferous and gyp- 
seous marls, with 
grey and whitish 
sandstones. 


2. Muschelkalk. 


3. Bunter Sandstein. 


{ 

{ 


Compact greyish limestone, 
with beds of dolomite, gyp- 
sum, and rock-salt. 


( Wanting.) 


Various coloured sandstones, j Reddish sandstones 
dolomites, and red clays ; and quartzoso con- 
occasional pisolites. , glomerates. 


For the purposes of the beginner, it is enough, perhaps, to re- 
member that the Triassic system consists essentially of three 
groups — 1, Keuper marls and grits (saliferous marls) ; 2, Muschel- 
kalk (shelly limestone) ; and, 3, Bunter Sandstein (variegated 
sandstones). 

103. When we turn to the fossils of the system, we find the 
Plants of the Coal and Permian epochs represent^ only by a 
few calamites, and their place taken by others apparently allied 
to the palms, cycas, zamia, and true pines. We have now few 
corals, and the productus, spirifer, and other shells so abundant 
in the earlier systems, have disappeared. Of triassic bivalves the 
posidonia and avicula are perhaps the most abundant ; and of 
chambered sheUa the ceratites, allied to the ammonite, is the most 
common genus. Of sauroid fishes munerous species have been 
discovered, as the saurichthys (sauroid-fish), gyrolepis (twisted- 
scale), acrodus (pointed-tooth), and others, all deriving their 
names from some marked peculiarity in appearance. Of reptiles 
several curious genera have been found allied to the lizards and 
monitors of our own time, the most characteristic being the 
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labyrinthodon (so named from the structure of its teeth), the phyto- 
murus (plant-saurian), and the nothoiaurua or doubtful saurian. 
Besides the teeth and bones of these early reptiles, we have also 
their footprints impressed and preserved on the slabs of sandstone, 
almost as clearly as if they had traversed the muddy beach of 
yesterday. These footprints speak a language similar to that of 
the ripple-mark and the raindrop formerly alluded to— *the foot 
leaving its impiess on the yielding and hsilf-dried mud, and the 
next deposit of sediment filling up the mould. On splitting up 
many of these slabs of sandstone, the mould and its cast are found 
in great perfection — so much so, that not only the joints of the 
toes hut the very texture of the skin is apparent. These fossil 
footprints, termed ichnitea (from ichnon, a footstep), have been 
found at Cocklemuir in Dumfriesshire, at Storeton in Cheshire, 
at Hildburghausen in Germany, on the Connecticut in America, 
and many other places. Some of them are evidently reptilian, 
hence termed aauroidichnitea ; others, again, appear to be those 
of gigantic birds allied to the ostrich, and thence termed omith- 
ichnitea (omia, a bird) ; while others appear to be those of un- 
known quadrupeds (in all likelihood of some huge batrachian 
or frog-like reptile), and have received the provisional designa- 
tion of tetrapodicAnitea, or four-footed imprints. The annexed 
engraving represents the footstep® of the cheirotherium (cheir, the 



hand), so called from the hand-like impressions of its feet, and is 
8uppK)sed by Professor Owen to be one and the same with the 
batrachian or frog-like labyrinthodon. Of a still higher typ>e of 
being are the mammalian teeth, discovered a few years ago in the 
bone-breccia of Wurtemberg, a stratum wliich occurs among the 
upp>er beds of the Keuper. These remains are those of a warm- 
blooded quadruped — the earliest of its kind yet detected in the 
crust of the earth ; and from this circumstance, and their diminu- 
tive size, the creature has received the provisional name of micro- 
lestes antiquus (micros, little, and leatea, a beast of prey). 

104 Strata, as above described— that is, strata composed of 
reddish clays and marls, containing dep>osits of rock-salt and 
gypmum, of greyish shelly limestones, and variegated sandstones, 
and pebbly grits — are found occupying consider^le areas both in 
the Old and New Worlds. They occur in puitches on the western 
coasts and islands of Scotland ; in the basin of the Solway ; on the 
oppMDsite coast of Ireland ; and a broad belt of the same strata 
runs across the whole of England, from Durham to Devon on the 




Digitized by Google 



82 


TEIASSIC SYSTEM. 


one hand, and to Lancashire on the other. On the Continent it 
occupies still wider areas in France, Germany, and the region of 
the Alps, while some of its most instructive features are ex- 
hibited in the States of North America. 

106. The iraeous rocks associated with the system are identical 
with those which break through and displace the permian strata. 
On the whole, triassic districts are little varied by trap eruptions, 
while the predominance of clays and shales and soft sandstones 
gives rise to broad level expanses, rather tame and uninteresting 
in their superficial features. “ Spread over so immense a space 
in England,” says Professor Phillips, “ the triassic system offers 
the remarkable fact of never rising to elevations much above 800 
feet — a circumstance probably not explicable by the mere creating 
of these soft rocks by floods of water, but due to some law of 
physical geology yet unexplained. We only can conjecture that 
it is connected with the repose of subterranean forces which pre- 
vailed after the violent commotions of the coal strata, over nearly 
all Europe, till the tertiary epoch.” In general, the new red sand- 
stone districts are better fitted for pasture and dairy husbandry 
than for the purposes of mixed husbandry or com culture. 

106. Reviewing the whole new red system — its sandstones, 
shales, magnesian limestones, gypseous, saliferous, and cupriferous 
marls, its comparatively few plants, its marine shells and fishes, 
its reptiles and fossil footprints, and its generally flat and undis- 
turb^ position — we are reminded of quiet shallow seas, of iron- 
tinged rivers, and of estuaries studded with lagoons and mud- 
banks. The marl and copper slates give evidence of tranquil 
deposit ; the footprints, of mud-banks baked and dried in the sun, 
over which birds and reptiles traversed till the next return of the 
waters ; the gypsum, rock-salt, and magnesia, of highly saline 
waters, subjectea to long-continued evaporations, or at least to 
some chemical conditions favourable to the precipitation of these 
abundant salts ; and the presence of iron, colouring less or more 
the whole strat^ together with copper in many of the slates, point 
to impregnations by no means favourable to the exuberance of 
marine life. The remains of arborescent ferns and palm-like 
stems, together with the skeletons and tracks of huge lizard-like 
reptiles, bespeak an arid rather than a genial climate, and a want 
of those conditions wliich give birth to the exuberant vegetation 
of the coal era. 

107. The industrial products yielded by the system are sand- 
stones of various quality, calcareous flagstones, limestone, gypsum, 
and rock-salt. One chief supply of salt, formerly obtained by 
evaporation of sea-water, is now procured from the salt mines and 
brine springs of Cheshire and Worcester. “ The Cheshire deposits 
of salt lie along the line of the valley of the Weaver, in small 
patches, about Northwich. There are two beds of rock-salt lying 
beneath 120 feet of coloured marls, in which no traces of animtu 
or vegetable fossils occur. The upper bed of salt is 75 feet thick ; 
it is separated firom the lower one by 30 feet of coloured marls, 
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similar to the general cover ; and the lower bed of salt is above 
100 feet thick, but has nowhere been perforated. Whether 
any other beds lie beneath those is at present unknown. They 
extend into an irregular oval area, about a mile and a-half in 
length, by three quarters of a mile in breadth.” The salt in these 
deposits is sometimes pure and -transparent, and at other times is 
of a dirty reddish hue, and mixed to the amount of half its bulk 
with earthy impurities. 


RECAPITULATION. 


The system described in the preceding paragraphs consists 
essentially of saliferous marls, shelly limestones, and variegated 
red and whitish quartzose sandstones. Briefly tabulated, it ex- 
hibits in England and on the Continent the following series : — 


Oermany. 

Keeper marls and grits. 
Muschelkalk. 

Bunter sandstein. 


England, 

Saliferous marls and grits. 
( Wanting.) 

Variegated sandstones. 


It has received its name, Trias, or Triassic, from being composed of 
the three members so clearly developed in Germany, while the name 
“ Upper New Red” is sufficiently distinctive of its place and cha- 
racter among English strata. Its fossils are all of Mesozoic types, 
and though a few point to Permian analogues, the identities, if 
identities there be, are to be sought among Oolitic rather than 
among Palaeozoic strata. Though the accumulation of such 
masses of rock-salt (chloride of sodium) be still in some measure 
an unsolved problem, their occurrence in conjimction with gypsum 
(sulphate of lime), and with magnesian limestones (carbonates of 
magnesia and lime), less or more throughout the entire new red 
sandstone system, would seem to indicate peculiar marine condi- 
tions — conffitions of shallow bays and lagoons, periodical isola- 
tion of certain areas, and again their submergence, and recep- 
tion of deposits of ferruginous mud and clay-silt. The nature 
of the imbedded plants and animals points to a hot and arid 
climate — to shallow estuaries, lagoons, and mud-banks, where 
wading birds and amphibious reptiles found subsistence on shell- 
fish, Crustacea, star-fishes, and fishes, and left their tracks on the 
sun-baked mud as evidence of their forms, and of the kind of life 
they led on the shores of these primeval waters. 
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THE OOLinO SYSTEM, COMPRISING THE LIAS, THE OOLITE, 
AND WEALDEN GROUPS. 

108. We have now passed the boundary of the older rocks, and 
entered upon the upper or younger secondary formations. Or, 
speaking palseontologically, we have traced the history of systems 
whose fossils were all of Palaeozoic types, and now proceed to 
interpret the records of those that are unmistakably Mesozoic. 
The curious graptolites and trilobites that crowded the siliuian 
seas have vanished, the bone-cased pterichthys and coccosteus of 
the old red sandstone have died away, and the sigillaria and 
stigmaria that thronged the jungles of the coal period are now no 
more repeated. Their places are taken by other forms of plants 
and animals — forms still widely different fiom existing races, yet 
more akin to them than were those of the palaeozoic epochs. The 
triassic group, as already stated, is considered as marking the 
dawn of this new cycle of being, which we shall afterwards find 
closes with the cretaceous or chalk system. In thus attaching 
high importance to fossils as exponents of the past conditions of 
the world, lithological and physical distinctions must not be dis- 
regarded. There are facts frequently brought to light, and truths 
explained by the composition, structure, and relation of rocks, 
which no profusion of fossils could ever interpret ; and here the 
student is reminded that, however attractive palaeontological dis- 
coveries may be, they are only of true geological value when 
taken in connection with chemical, mineral, and mechanical 
characteristica 

109. The system which we are about to describe consists, as 
developed in England, of three well-marked groups — the Isas, 
the Oolite, and the W^den. Indeed, so clearly defined are these 
gi-oups that they are sometimes regarded as independent systems ; 
and were it not for certain fossil as well as lithological resem- 
blances that pervade them, this course would in many respects 
be preferable. As it is, the Oolitic system comprehends the whole 
of those peculiar limestones, calcareous sandstones, marls, shales, 
and clays which lie between the new red sandstone beneath and 
the chalk formation above. And however similar these strata 
may be in some features, there is no truth in geology more fully 
established than this, that where the system is complete, the 
argillaceous laminated limestones and shales termed the lias con- 
stitute the lowest group ; the yellowish granular limestone, cal- 
careous sandstones, sands and clays called oolite, the middle 

, group ; and the greyish laminated days, with subordinate layers 
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of limestone and flaggy sandstones, the weaiden or upper group. 
Taking these groups in order, the following synopsis ejoiibits 
their character as typically developed in Eng&nd : — 


fWEALD ClaT. — G reyish laminated clays imbedding con- 
cretions of ironstone, thin layers of argillaceous lime- 
Wealden ■! ®*»ne, and sandy flags. 

■ ^ Hastings Sands. — Sands and sandstones frequently fer- 
ruginous ; beds of clay and sandy shale more or less cal- 
careous. 


Oolite. 


Lias. 


'■PORBECK Beds. — E stuary limestones alternating with sands 
and clays (formerly grouped with the Weaiden). 

Upper Oolite. — Coai-se and fine grained oolitic limestones, 
with layers of calcareous sand (Portland tione and sand) ; 
dark laminated clays, with gypsum and bituminous shale 
(Kimmeridge clay). 

Middle Oolite. — Coarse-grained, shelly, and coralline oolite, 
with calcareous sands and grits (coral rag) ; dark-blue 
clays, with subordinate clayey limestones and bituminous 
shale (Oxford clay). 

Lower Oolite. — Coarse, rubbly, and shelly limestones (corn- 
brash) ; laminated shelly limestones and grits (forest 
marble) ; thick-bedded oolite, more or less compact and 
sandy (^Bath or ^eat oolite) ; flaggy grits and oolites (Stone- 
field slate) ; fuller’s earth and clay, calcareous freestone 
and yellow sand (ia/erior ooli(e). 

rUpPER Lias. — Thick beds of dark bituminous shale; beds 
of pyritous clay and alum shale; indurated marls, or 
J marlstone. 

Lower Lias. — Dark laminated limestones and clays ; bands 
of ironstone; layers of jet and lignite ; beds of calcareous 
sandstone. 


110. It will be perceived from the preceding synopsis that the 
Lias or liassic group occupies the lowest portion ot the system, 
and that it is essentially composed of dark argillaceous limestones, 
bluish clays, and bituminous and pyritous shales. The name 
lias, which is said to be a provincial corruption of the word 
layers, refers to the thin beds in which its limestones usually 
occur. “ The peculiar aspect,” s^s Sir Charles Lyell, “ which is 
most characteristic of the lias in England, France, and Germany, 
is an alternation of thin beds of blue or grey limestone, with a 
light-brown weathered surface, separated by dark-coloured argil- 
hiceous partings ; so that the quanies of this rock, at a distance, 
assume a striped and ribbon-like appearance.” Once seen, this 
banded appearance of a lias cliflf is not easily forgotten ; but it must 
be remembered that the clays generally predominate, and that 
they contain occasional layers of jet or other coal {jet being but a 
lustrous variety of coal), and bands of ironstone nodules or sep- 
taria. Most of the shales are bituminous and pyritous, and it is 
not imeommon, after wet weather, for the Yorksriire clifis, which 
are composed of these beds, to ignite spontaneously, and burn for 
several months. Besides pyrites -(sulphuret of iron), these shales 
are impregnated with sulp^tes of magnesia and soda, with salt 
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(muriate of soda), and other saline compounds which indicate a 
marine origin. Indeed, the whole aspects of the lias — its fossils, 
composition, and lamination — are those of a tranquil deep-sea 
deposit. 

111. The Oolite, as a group, consists of more frequent alterna- 
tions, and is more varied in its composition than the lias. It de- 
rives its name from the roimded grains which compose many of 
its limestones — these grains resembling the roe or egg of a fish 
(oon, an egg, and litKos, a stone). Oolite is the general term, 
though many of its limestones are not oolitic ; roestone is some- 
times employed when the grains are very distinct ; and pisolite, or 
peastone {pisum, a pea), when the grains are large and pea-like. 
Asa series, the oolite consists of alternations of oolitic limestones, 
calcareous grits, shelly conglomerates, yellowish sands, and clays 
less or more calcareous. Tlie peculiar roe-like grains which con- 
stitute the oolitic texture, consist either entirely of lime, or of an 
external coating of lime collected round minute particles of sand, 
shells, coral, &c. ; the grits are composed of fragments of shells, 
coral, and sand ; and many of the strata have a brecciated aspect, 
hence known as ragstones. Like the lias, the oolite is strictly a 
marine deposit, but its corals, broken shells, and grits, point to 
shallower waters, to tidal beaches, and sandbanks. 

112. The Wealden group — so termed from the “Wolds” or 
“ Wealds ” of Kent and Sussex, where the deposit prevails — con- 
sists chiefly of clays and shales, with subordinate beds of indu- 
rated sands, sandstones, and shelly limestones, that indicate an 
estuary or brackish-water origin. Thin partings of lignite and 
bituminous shale are not unfrequent among the clayey strata. 
The group is of limited extent in England, and in many countries 
is altogether wanting ; the chalk in such cases resting immedi- 
ately on the oolite. As typically developed in Kent and Sussex, 
the wealden seems to occupy the site of an ancient estuary, which 
received the clay and mud of some gigantic river, whose waters 
occasionally bore down the spoils of land plants' and land animals, 
to be entombed along with those of aquatic origin. 

113. The organic remains of the system, as already stated, are 
all Mesozoic — that is, belonging to genera and species diflfering fix>m 
those found in the older rocks, and differing also, though less in 
general aspect, from those of the tertiary and present epoclis. They 
are exceedingly numerous and well preserv^, and have long and 
intimately engaged the attention of palaeontologists. V eoetablb 
Bemaies are frequent in all the groups, and sometimes in such 
profusion as to form seams of lignite, jet,and coal. The Kimmeridge 
bituminous shale known as “Kim coal,” the carbonaceous shales, 
lignites, and coals of eastern Yorkshire, and the coal of Brora 
in Sutherlandshire, belong to the oolitic members of the system. 
Some of the marine deposits contain impressions of fuci or sea- 
weeds ; and in those of estuary origin, equisetutns, calamites, and 
other aquatic plants, are not uuoommon. The terrestrial or marsh 
orders seem to indicate a genial, if not a tropical, climate— the 
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more characteristic forms being arborescent ferns {pecopteria, cy- 
clopteris, pterophyllum, &c.) ; palms ipalmadtei), like the pan- 
danus, or screw-pine ; cycadese approaching very nearly the existing 
cycas and zamia, termed cycadites and zamites; coniferae appar- 
ently allied to the araucaria, yew, and cypress, and known as 
thuytea, atrobilitea, peucitea, &c. ; and abimdance of monocotyle- 
donous leaves resembling those of the lily, pine-apple, agav6, aloe, 
and allied genera. One of the most remarkable lacte connected 
with the vegetation of the period, is the occurrence of dark loam- 
like strata, locally known as the “dirt-beds” of Portland, and 
which must have formed the soils on which grew the cycas and 
other oolitic plants, though now interstratified with limestones, 
sandstones, and shales. “ At the distance of two feet,” says Mr 
Bakewell, “ we find an entire change from marine strata to strata 
once supporting terrestrial plants ; and should any doubt arise 
respecting the original place and position of these plants, there is 
over the lower dirt-bed a stratum of fresh-water limestone, and 
upon this a thick dirt-bed, containing not only cycadese, but 
stumps of trees from three to seven feet in height, in an erect 
position, with their roots extending beneath them. Stems of 
trees are found prostrate upon the same stratum, some of them 
from twenty to twenty-five feet in length, and from one to two 
feet in diameter.” 

114. With respect to the Animal Remains, we have represen- 
tatives of almost every existing order, with the exception of the 
higher mammalia. Beginning with the lowest forms, we have 
aponyia, or sponges ; numerous zoophytes, more like the corals of 
existing seas than those of the mountain and silurian limestones, 
and among which the more common forms are aatrcea (star-corals), 
madreporea, milUporea, meandrina (brain-corals,) and turhinolia, 
a variety of cup-in-cup coral ; crinoids, of which the apiocrinite 
and perUacrinite are the most frequent ; star-fishes like the asteriaa 
and ophiura ; sea-urchins like the echinua, dypeua, and beautiful 
cidaria ; worm - like annelids, as aerpula and vermimdaria ; 
insects in the Stonefield slate and lias like the cricket and 
dragon-fly — gryllua and libeUula ; cmstacea like the cray-fish, aa- 
tacua ; and a profusion of shell-fish belonging to every older. 
Of these testacea we may notice the more characteristic forms, 
viz., the cockle-like bivalves, cardium, iaocardia, and trigonia ; 
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the borers, pholadomya and phoUu ; the mussel-like moduda ; 
the oysters, ottrea and gryphaea; the clams, pecten and plagio- 
ttoma ; the whorled univalves, nerineea, and pleiirotomaria ; and, 
above all, the chambered shells of the ammonite, nautilus, and 
helemnite. Of these testacea, the gryphsea is so abundant in 
the lias, that it is sometimes termed the “gryphite limestone,” 
and for a similar reason one of the Jura oolites is called the 
“ nerinsean limestone.” The most notable order of mollusca 
belonging to the period was undoubtedly the cephcdapodous — 
that is, having their organs of motion arranged round the head, 
like the nautilus and cuttle-fish. Of these the ammonite (so 
called from its resemblance to the curved horn on the head of 



1, Ammonites obtusu* * 3, A. ElizabeUise J 3, A. Kodosus. 


Jupiter Ammon) seems to have thronged the waters in many 
hundreds of species, and of all sizes, from shells of half an inch 
to shelU of three feet in diameter. Gigantic cuttle-fishes were 
also the congeners of the ammonite and nautilus, and have left 
evidences of their existence in the belemnites (belemnos, a dart), 
which were the internal bones of these marvellous mollusca. 

ll5. Of the higher or Vertebrated forms of life we have many 
examples of placoid and ganoid fishes, of sauroid reptiles, and one 
or two specimens of marsupial mammals. Of the ichthyolites, the 
teeth, hybodus and acrodus, resemble those of the shark-like cea- 
tracion now inhabiting the Australian seas ; the spines are 
often nearly a foot in length, and serrated on one or both sides ; 
and the large enamelled scales of the lepidotus, tetragondmis, and 
others, bear testimony to the size of these estuary ana marine 
fishes. Of the reptiles there are several forms of tortoise and 
turtle {chelonia and platemys) ; and others seem distinctly allied 



Ichthyosaurus, 

to the crocodiles, gavials, monitors, and iguanodons of tropical 
climates, but differing widely in their structure and apparent 
modes of existence. One of the most frequent forms is the ichthyo- 
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saurus {ichthys, a fish, and saurw, a lizard), somewhat resem- 
bling the crocodile, but furnished with paddles or flippers instead 
of limbs. Many species have been discovered, and hundreds of 
individuals varying in length from four to forty feet. Another 
common form is the plesiosaurus (so called from its greater 
resemblance to the lizard tribe), distinguished by its enormous 



length of neck, smaller head, and shorter body and tail A third 
and frequent form is ihe pterodactylus {pteron, a wing, and dac- 
tylus, a finger), so called from being furnished with membraneous 
wings, and capable, like the bats, of mounting in the air. Besides 



these, many other species of saurians have been figured and de- 
scribed by geologists — some aquatic, and others amphibious or 
terrestrial ; some carnivorous, and others evidently herbivorous. 
They are generally known by such names as cetiosaurus (whale- 
like saurian), meyalosaurus (great saurian), geosaurus (land sau- 
rian), hylceosaurus (forest saurian), teleosaurus (perfect saurian), 
and iguanodon, from the almost perfect identity of the teeth and 
skeleton of a huge fossil reptile found in the wealden with those of 
the living iguana of America. Of warm-blooded mammals we 
have evidence in certain jaw-bones, teeth, and detached bones found 
in the flaggy limestones of Stonesfield. These are ascribed to 
marsupial animals allied to the opossum and kangaroo of Aus- 
tralia, and have been named amphitherium (doubtful) and phas- 
colotherium {phaskolos, a pouch). More recently, remains of 
insectivorous creatures have been detected in the Purbeck beds, 
thus adding a still higher type to the zoology of the oolite. 
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116. The igneous rocks associated with the oolite system in 
England are gentle outbursts of trap and intersecting dykes of 
greenstone. There appear to be no contemporaneous trap effusions, 
and, on the whole, the system retains much of its original sedi- 
mentary flatness. In the north and west of Scotland, and in the 
Jura mountains, it is upheaved and disrupted by granitic rocks, 
but these may be regarded as subordinate to the trappean com- 
pounds which occur in those ranges. The physical features of oolitic 
districts are by no means unpleasing — the alternations oflimestones 
and clays on a grand scale producing a succession of rounded ridges 
and sloping valleys. These undulations are very marked in some 
districts of England and France, where the limestones, which have 
resisted denudation, compose the ridges, and the softer clays and 
shales the valleys. None of these ridges are of great height, and 
being on a limestone subsoil, are dry and fertile, and present a 
marked contrast to the stiff soils of the “ coombs ” and “ wolds ” 
occupied by the lias and wealden clays. The areas overspread by 
the oolitic system are rather limited and partial. It is most typi- 
cally developed in England, where it occupies a broad stripe 
stretching from Yorkshire to Dorset ; detached patches occur in 
the north and west of Scotland ; and portions of the system are 
found in Germany, Switzerland, and France, where the oolitic 
members are generally known as the “ J urassic system.” It is 
found skirting the Apennines in Italy ; flanking the southern 
Himalayas, and in Cutch in India ; and recently equivalent beds, 
with workable seams of coal, have been detected neai' Richmond 
in Virginia. 

117. Respecting the conditions of the world during the deposi- 
tion of the wealden, oolite, and liassic strata, we have already 
stated that everything reminds us of a genial, if not of a tropical, 
climate. “ The close approximation of the amphitherium and 
phascolotherium,” says Professor Owen, “ to marsupial genera now 
confined to New South Wales and Van Diemen’s Land, leads ua 
to reflect upon the interesting correspondence between other or- 
ganic remains of the British oolite and other existing forms now 
confined to the Australian continent and adjoining seas. Here, 
for example, swims the cestracion, which has given the key to the 
nature of the palates from our oolite, now recognised as the teeth 
of congeneric gigantic forms of cartilaginous fishes. Not only 
trigonice, but living terebratvlce exist, and the latter abundantly, 
in the Australian seas, yielding food to the cestracion as their 
extinct analogues doubtless did to the allied cartilaginous fishes 
called acrodi and psammodi, &c. Araucariae and cycadeoua 
plants likewise flourish on the Australian continent, where mar- 
supial quadrupeds abound, and thus appear to complete a picture 
of an ancient condition of the earth’s surface, which has been 
superseded in our hemisphere by other strata, and a higher type 
of mammalian organisation.” 

118. Industrially, the system is by no means devoid of impor- 
tance. Some of the oolite sandstones, like those of Bath and Port- 
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land, form excellent building- stones ; while paving-stones and 
tilestones are obtained from the indurated flags of the wealden. 
Both the lias and oolite limestones are largely quarried for mortar, 
the latter, when well prepared, furnishing an excellent hydraulic 
cement. MaTbles of various quality are procured from the lower 
beds of the weald, in Sussex, and also from some of the coralline 
and shelly oolites, as at Which wood Forest in Oxfordshire, whence 
the term “ forest marble.” Fuller’s earth, at one time extensively 
used in woollen manufacture, is a product of the oolite ; and alum 
is obtained from the lias shales of Yorkshire. Seams of coal, which 
are sometimes workable, occur in the oolite, as in Yorkshire, at 
Brora in Sutherlandshire, at several places in Germany, and near 
Richmond in Virginia. J et, which is only a compact variety of 
coal, and lignite or wood-coal, are both found in the system, though 
neither is of much economic value. 


RECAPITULATION. 


The Oolitic system, as typically developed in England, is separ- 
able into three well-marked groups — the Lias, the Oolite, and 
Wealden. So distinct in many respects are these groups, that they 
are sometimes treated as independent systems, and in all likeli- 
hood the progress of discovery will soon establish the necessity of 
some such division. As it is, we have adopted the usual grouping, 
which may be briefly tabulated as follows : — 


f Weald claj’s. 

Wealden. ( Hastings sands. 

f Purbeck beds (formerly grouped with the Wealden). 


Oolitic 

or 

Jurassic. 


Liassic. 


Portland stone and sand, 
Kimmeridge clay. 

Coral rag, 

Oxford clay, 

Combrash and forest marble, 
Bath or great oolite, 
Stonesfidd slate, 

Fuller’s earth and clay. 
Inferior oolite, 

( Lias clays and marlstone. 

\ Lias limestones and shales. 


I Upper, 
i Middle. 


[■ Lower. 


J 


From the preceding synopsis, it will be seen that the system is 
mainly composed of argillaceous limestones, limestones of oolitic 
texture, calcareous sandstones, shelly and coralline grits, clays and 
pyritous shales, with layers of coal, jet, and lignite. All the 
members are well developed in England ; but it is chiefly the 
liassic and oolitic that are found in France, Switzerland, and 
Germany ; and patches of the oolite in Scotland, in Hindustan, 
and in North America. As deposits, the lias and oolites are emi- 
nently oceanic, but the lower members of the wealden appear to be 
marine, while its upper are evidently of estuary or fresh-water 
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formation. With the exception of the higher mammalia, almost 
every existing order is represented in the faima of the oolite, but 
the forms are all Mesozoic, and died out at the close of the chalk 
era. The vegetation of the system is also extremely varied, but 
the highest orders appear to be coniferous, and as ydt no example 
of a true exogenous timber tree has been detected. Of its numer- 
ous fossils, the most characteristic are the cycadaceoe, of which 
the stems, fruits, and leaves are found in abundance ; the shells 
of the gryphcea, so peculiarly plentiful in the lias ; the ooiled-up 
ammonites of innumerable species ; the pterodactyle, or flying- 
lizard ; the fresh-water and marine turtles ; and, above all, the 
ichthyosaurus, plesiosaurus, and other sauroid reptiles, whose 
marvellous forms and variety have suggested for the oolite the 
not inappropriate title of “ the age of reptiles.” Still higher in 
the scale of being than these are the warm-blooded marsupial 
mammals, amphitherium and phascolotherium, and the insecti- 
vorous creature recently described by Professor Owen — the earliest 
of its kind as yet detected in the rocky crust. Building-stone, 
paving-stone, limestone, marble, alum, coal, jet, and lithographic 
slate, are the principal economic products of the system. 


XII. 


THE CHALK OR CRETACEOUS SYSTEM, COMPRISING THE CHALK 
AND GREENSAND GROUPS. 

119. Immediately above the fi’esh-water beds of thewealden in 
the south of England occur a set of well-defined marine sands, dark 
marl-clays, and thick beds of chalk. These strata, which seldom 
exceed in the aggregate 800 or 1000 feet in thickness, constitute 
the Cretaceous system — chalk {creta) being the most prominent 
and remarkable feature in the formation. Though neither of great 
thickness nor widely developed as to area, the Chalk is in many 
respects one of the most remarkable systems in the stratified 
crust, and has consequently long attract^ the research of geolo- 
gists. As the uppermost member of the younger secondaries, it 
closes the record of Mesozoic life, and of the inmunerable species 
which composed the flora and fauna of the secondary epochs, not 
one has been detected in tertiary or post-tertiary strata. LitWo- 
gically, it is composed of cretaroous, argillaceous, and arenaceous 
rock — the former predominating in the upper, and the two latter 
in the lower portion of the system. The strata, as occurring in 
the south of England, are usually grouped as follows : — 
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'Uppkr Chalk. — G enerally soft white chalk, containing 
numerous flint and chert nodules more or less ar- 
ranged in layers. 

Lower Chalk. — H arder and loss white than the upper, 
and generally with fewer flints. (Reddish in the north 
of Ei^iand, and with abimdance of flints). 

Chalk Marl. — A greyish earthy or yellowish marly 
^ chalk, sometimes indurated. 


Gbeeksand. 


'Upper Greensand. — Beds of siliceous sand, occasionally 
indurated to chalky or cherty sandstone, of a green or 
greyish white, with nodules of chert. 

Gault. — A provincial name for a bluish tenacious clay, 
sometimes marly, with indurated argillaceous concre- 
tions and layers of greensand. 

Lower Greensand. — Beds of green or ferruginous sands, 
with layers of chert ai^ indurated sandstones, local beds 
of gault, rocks of chalky or cherty limestone (Kentish 
, rag), and fuller’s earth. 


120. The preceding synopsis affords a sufficient outline of the 
composition and succession of the chalk strata. Of course, con- 
siderable local differences occur, and it is sometimes difficult to 
determine the equivalents of the beds as typically developed in 
Kent and adjoining counties. Thus, the lower chalk of Yorkshire 
and of Havre in France contains abundant ffint nodules ; in 
Devon and Dorset a gritty bed with numerous fossils occurs 
towards the base of the ch^k ; in Norfolk and York a stratum 
of red chalk is thought to represent the gault of the southern 
counties ; and the Kentish ragstone, which is largely quarried 
near Maidstone, is wholly unrepresented in the Isle of Wight. 
The lower greensand is sometimes termed the “ Neocomian group” 
{Neocomiensis, rock of Neufch&tel), this portion of the system 
being thought to be more typically developed in the neighbour- 
hood of Neufch^tel in Switzerland ; but recent facts scarcely sup- 
port this view, and for all practical purposes the terms Challc, 
Gault, and Greensand are sufficiently^ distinctive. 

121. The organic remains found m the cretaceous system are, 
with a few exceptions, eminently marine, comprising fucoids, 
sponges, corals, star-fishes, molluscs, Crustacea, fishes, and rep- 
tiles. As might be expected. Fossil Plants are comparatively 
rare, and these for the most part drifted and imperfect fragments. 
The marine species are apparently allied to the algse, confervse, 
&C., and are termed chondritet and confervites. The terrestrial 
types “ are fragments of tree-ferns, cones of coniferous trees, cyca- 
dites and zamites, and are known by such names as pimte»y stro- 
bilites {strohdug, a fir-cone), carpolitheg {carpos, a fruit), and zamio- 
gtrobvs. Of the Animal remams, which are in general beautifully 
preserved, and to be seen in almost every collection, we can only 
notice one or two examples imder each order or family. Of 
spongiform bodies we have the common and characteristic 
dioanites, spongia, and ventriculites. Of zoophytes there are 
numerous flustra, retepora, astrea, alveolites, and orhitolites. Of 
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echinoderms or sea-urchins there are many species in every state 
of perfection, as ctdaris, galerites, spatangiu, and ^nicraster. Of 



■1. Spatangue: 3, Galcrito« : 3. Marsuplte: 4, Cidaris. 


foraminiferous shells, which compose in great part the chalk 
strata, there are rotalia, dentaliwi, textularia, &c. Of annelids, 
abundant serpularia and vermicularia ; and of crustaceans, 
species of lobsters, astaciis, and of crabs, pagurus. The remains 
of testacea or shell-fish are extremely numerous, and in such a 
state of perfection that the conchologist can at once assign 
them a pliice in his classification. Of the characteristic bivalves 
may be noticed area, cardium, tn'gonia, grgphoea, inocera- 
mus, ostrea, pecien, and terebrattda, with the curious massive 
shells hippurites and diceras. Among the univalves or gaster- 
opods, cerithium, rottellaria, detUalium, and natica are typical 
and cliaracteristic. The chambered shells also appear in vast 
profusion and in highly curious forms. Of these the coiled-up 
ammonite, the dart-like belemnite (the “ thunderbolts” of the 
English peasant), the hook-shaped hamite {hamus, a hook), the 



boat -shaped scaphite {scapha, a skiff), the rod -like baculite 
(baculus, a staff), and the Tiautilus, are the most frequent and 
typical. 

122. The vertebrate remains are those of fishes and reptiles, 
with supposed indications of birds and mammalia. Of the fishes 
the majority are still placoid and ganoid ; but the ctenoid and 
cycloid orders, to which almost all existing fishes belong, are here 
for the first time found in the rocky strata. Of the placoids the 
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teeth and spines are as usual the only remains, the former being 
most abundantly i-epresented by acrodus, ptychodus ('wTinkle- 
tooth), and lamna, and the latter by chimaera. Of the ganoids, 


Teeth from the CbtUk. 

kpidolm, gyrodus (twisted-tooth), and pycmdm (thick-tooth) 
are the most typical Of the ctenoid or comb-scaled order 
several species of beryx (closely allied to the perch) have been 
detected ; and of the cycloideans the saurocephalus and o»me- 
roides are those most frequently found in collections. The 
sauroid reptiles seem identical with or at least closely allied to 
those of the wealden, and are represented by pterodactyles, 
plesiosaurus, mososaurus, iguanodon, and chelonta. Bird bones 
termed cimoliornis (from IcimoHa, white chalk-marl, and ornis, a 
bird) have been described by Professor Owen, who has also sux'- 
mised that certain mammalian remains are those of quadrumana 
or monkeys. 

123. Eegarding the geographical distribution of the chalk, 
though the several areas may be partiid or limited, strata contain- 
ing the peculiar fossils of the system have been discovered in 
many countries. As already mentioned, it is finely developed in 
the south and south-east of England ; it is found in the north of 
Ireland ; and from the frequent occurrence of flint nodules, it is 
supposed to have covered at one time the oolites of the north of 
Scotland. It is spread over wide areas in France and Glennany, 
and occurs in connection with the Alps, Carpathians, and 
Pyrenees. Chalk fossils have been collected in the south of 
India ; equivalents of the system have been investigated in the 
States of New Jersey, Texas, and Alabama ; and strata appa- 
rently of the same age have been noticed in Colombia in South 
America. 

124. Though exhibiting faults and fractures, no igneous rocks 
have been found associated with the chalk of England. In the 
north of Ireland the strata are disrupted and ovenaid by basalt 
and other traps, as remarkably displayed at the Giant’s Cause- 
way ; and in the Pyrenees and Alps the system partakes more or 
less of all those upheavals, by traps and secondaiy granites, which 
are so characteristic of these lofty ranges. Where unbroken by 
igneous eruptions, the physical aspect of Chalk districts is readily 
distin^ished by the rounded outlines of their hills and valleys, as 
typicidly exhibited in the “wolds” and “downs” of Kent and 
Sussex. These downs are described as “covered with a sweet 
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short herbage, forming excellent sheep-pasture, generally bare of 
trees, and singularly dry even in the valleys, which for miles 
wind and receive complicated branches, all descending in a regular 
slope, yet are frequently left entirely dry ; and, what is more 
singular, contain no channel, and but little other circumstantial 
proof of the action of water, by which they were certainly 
excavated.” 

125. Combining all the features of the system — its composition, 
fossils, and geographical distribution — we are warranted in re- 
garding the chalk as a truly marine deposit, filling up limited 
seas which were thronged with oceanic life, and which received at 
intervals the drift of rivers that flowed through countries enjoy- 
ing a high and genial temperature. The cycas and zamia are 
plants which betoken a warm climate ; and though vegetable drift 
seldom appears among the chalk strata in such pronision as to 
form more than scattered patches of lignite (as in the lower 
measures near Rochelle), yet must this circumstance be ascribed 
more to the unfavourable position of the seas of deposit for the 
reception of such drift than to the scantiness of vegetation on the 
dry land. Again, the corals and huge sauroid reptiles betoken 
more of tropical than of temperate conditions, a circumstance that 
seems ferther established by the presence of remains apparently 
allied to the monkeys. Respecting the conditions of the waters 
in which the chalk, so unlike ordinary limestones, were deposited, 
and within whose mass flints were subsequently aggregated, geolo- 
gists are by no means agreed. This much, however, seems certain, 
that the chalk is a mechanical deposit from waters loaded with cal- 
careous particles, and abounding in minute foraminiferous shells, 
which constitute a large portion of the mass, and not, as at one 
time supposed, a precipitate from chemical solution. The abun- 
dance of enclosed sponges, corals, shells, and fragments of vege- 
tables also confirms this view, and compels us to seek for the 
enclosed layers and nodules of flint an origin similar to that of 
nodules of ironstone and chert in shale. Flints are composed 
almost entirely of pure silex, with a trace of iron, clay, and lime ; 
they are usually aggregated round some micleus of sponge, shell, 
or coral ; and there is no difficulty in conceiving the silex to have 
been originally in solution in the waters of deposit, and subse- 
quently segregated in layers and nodules as we now behold it 

126. Industrially, the chief products of the system are chalk 
and flint. Chalk as an almost pure carbonate of lime is calcined 
like ordinary limestones, and employed by the bricklayer, plas- 
terer, cement-maker, and farmer ; and levigated, it furnishes the 
weU-known “ whiting ” of the painter. Flint calcined and ground 
is used in the manufacture of china, porcelain, and flint-glass : 
and before the invention of percussion -caps was in universal 
use for gun-flints. In the south of England flints are employed 
as road material ; and the larger nodules are sometimes taken for 
the building of walls and fences. Beds of fuller’s earth occur in 
the lower series ; and some of the indurated strata, like the 
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“Kentish rag” and Chalk-marl of Cambridgeshire, furnish local 
supplies of building-stone. From the Gault and Lower Green- 
sand are also obt^ed those coprolitic nodules, now ground 
down and used as a manure, on account of their containing 
a large per-centage of phosphate of lime. 

RECAPITrLATlON. 

The Cretaceous system — so called from the chalk beds which 
form its most notable feature — is the last or upjjermost of the 
secondary formations. All its types of life are strictly Mesozoic, 
and of the numerous species found in the Trias, Oolite, and 
Chalk, not one has been detected in tertiary strata. As typically 
developed in the south of England, the system has been separated 
into two groups, the Chalk and Oreematid, and these comprise, in 
descending order, the following members : — 

( Upper chalk with flints. 

Chalk. < Lower chalk without flints. 

( Chalk marl. 

f Upper greensand. 

Greensand. < Gault. 

( Lower greensand. 

These various members, both in point of composition and fossil 
remains, bear evidence of deposit in seas of limited area, and of a 
climate suitable for the growth of cycadacese on land, and of corals 
and gigantic saurians and turtles in the waters. Palseontologi- 
cally, its remains are eminently marine, and comprise numerous 
species of sponges, corals, star-fishes, sea-urchins, sheU-fish, Crus- 
tacea, fishes, and reptiles. Indications of bird and mammalian 
remains have also been detected, but these are too imperfect and 
obscure to warrant any definite conclusion. The chief, and indeed 
the only industrial products of the system, are chalk, flint, phos- 
phate nodules, and some inferior building-stones. 


XIV. 

THE TERTIARY SYSTEM, EMBRACING THE EOCENE, MIOCENE, 
PLIOCENE, AND PLEISTOCENE GROUPS. 

127. The earlier geologists, in dividing the stratified cmst into 
primary, secondary, and tertiary formations, regarded as tertiary 
all that occurs above the Chalk. The term is still retained, but 
the progress of discoveiy has rendered it necessary to restrict and 
modify its meaning. Even yet the limits of the system may be 
said to be undetermined — some embracing under the term all that 
lies between the chalk and boulder-drim, others including the 
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drift and every other accumulation in which no trace of man or 
his works can be detected. Palseontologically speaking, much 
might be said in favour of both views, but the difficulty of 
unravelling the relations of many clays, sands, and gravels, makes 
it safer to ^opt in the mean time a somewhat provisional arrange- 
ment. We shall therefore treat as Tertiary all that occurs 
above the chalk to the close of the drift, and as Post-Tertiary 
every accumulation which appears to liave been formed since that 
period. Adopting this arrangement, we have in England the 
following intelligible subdivisions ; — 


Post-Tertiary. 

Tertiary. 


Recent and superficiai, accumulations occui-- 
ring above the boulder-drift. 

Pleistocene. .. Boulder-drift. 

Pliocene Mannualiforous and Red crag. 

Miocene Coralline crag. 

Eocene Strata of London and Paris basin.s. 


By adopting this view we get rid of certain anomalies connected 
with the boulder-drift, while there will be no difficulty in remov- 
ing the pleistocene to the post-tertiary system, should subsequent 
discoveries render such a transposition necessary. 

128. The organic types of the system above indicated arc all 
Cainozoic — that is, are all more or less allied to, or even identical 
with, many existing genera. As at the close of the Palaeozoic 
cycle the graptolites, trilobites, pterichthys, coccosteus, megal- 
ichthys, stigmaria, sigillaria, and other forms of ancient life, had 
passed away, so, at the close of the Mesozoic, the ichthyosaurus, 
plesiosaurus, pterodactyle, palaeoniscus, ammonites, and encrinites 
disappeared, and their place was taken by other and more recent- 
like forms. We now find among vegetables evidence of true exo- 
genous timber-trees, (that is, trees which increase by external layers 
of growth, like the oak, beech, and elm) ; a large per-centage of 
the corals and shells are identical with those of existing seas ; the 
reptiles are carapaced turtles and tortoises ; the fishes are chiefly 
ctenoids and cycloids, with equally-lobed tails ; birds of existing 
families are by no means rare ; and examples of mammalia of all 
classes up to the highest save man have been detected. It is true 
that certain genera and species discovered in tertiary strata are 
not to be found beyond the limits of the pliocene group ; and it 
is this extinction of many peculiar forms that warrants the separa- 
tion of the post-tertiary from the tertiary system. The groups 
are founded upon this perceptible approach to existing species — 
taking the fossil shells as the index. Thus, eocene (eos, the dawn, 
and Icainos, recent) implies that the strata of this group contain 
only a small proportion of existing species, which may be regard- 
ed as indicating the dawn of existing things : miocene {meion, 
less) implies that the proportion of recent shells is less th.an that 
of extinct ; pliocene {pleion, more), that the proportion of recent 
shells is more or greater than that of the extinct ; and pleistocene 
Iploiston, most), that the shells of this group are mostly those of 
species inhabiting the present seas. 
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Eoceno, Miocene, and Pliocene groups. 


129. We arrange these groups under one head, because they 
are all evidently sedimentary deposits resulting from the usual 
operations of water, and because they are aU less or more fossili- 
ferous, and thus give evidence of the conditions of the world 
during the period of their deposition. The case is different with 
the pleistocene or boulder-drift group, which is clearly not an 
ordinary sedimentary deposit, and which, with rare exceptions, 
is altogether destitute of fossils. Confining our remarks to the 
three lower groups, we find the composition and succession of 
their strata so extremely varied and irregular, that it is next to 
impossible to give anything like a generally applicable descrip- 
tion. This much may be said, that their areas are usually well 
defined, as if originally deposited in inland seas or estuaries ; that 
they give evidence of frequent alternations of marine with fresh- 
water sediments ; and, on the whole, are less consolidated than the 
rocks of older systems. They consist for the greater part of clays 
and sands, with interstratified limestones, calcareous grits, marls, 
and occasional layers of lignite. With respect to the composition 
and succession of their strata, the following synopsis of the 
English tertiaries will convey a better idea than any detailed 
description : — 


PUOCENE. 


Miocene. 


Eocene. 


'MammaliferocsCrao of Norfolk and Suffolk. — Consisting 
of shelly bods of sand, laminated clay, and yellowish loam, 
with layers of flinty shingle reposing on the chalk, and 
generally covered with a thick bed of gravel. 

Red Crao of Norfolk and Suffolk. — A deep ferruginous 
shelly sand and loam, with an abundance of marine shells, 
frequently rolled and comminuted. 

{ Coralline Crao. — A mass of shells and corals in calcareous 
sand ; or compact, and forming flaggy beds of limestone, 
with bands of greenish marl, ^me of the harder {xirtions 
arc used as building-stone. 

f Fluvio-Marine Beds of Hampshire and Isle of Wight. 
— Consisting of clays and marls sometimes indurated, 
of sandy clays and subordinate layers of siliceous 
limestone. 

Baoshot Sands. — A series of loose sands, sandstone, 
greenish sandy clay, and fissile marls. 

London Clay. — A brown or dark-blue or blackish tena- 
cious clay, with layers of argillo-calcareous nodules. 
Layers of greenish sand, and masses of gj’psum, and 
mm-pyrites not unftequent. 

Boonor Beds. — Occur towards the base of the London 
clay, and consist of calcareous and siliceous nodules, 
or of coarse g^een indurated sand, with numerous 
marine shells. 

Plastic Clay and Sands. — Composed of sand, shingle, 
mottled clays, and loam, with bras of rolled flints and 
marine shells. 
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The above may be taken as sufficiently descriptive of the English 
tertiaries ; and for the sake of comparison, we subjoin a section 
(in descending order) of the strata in the Paris basin, which are 
usually regarded as the equivalents of the English eocene : — 

Upper fresh-water limestone marls and siliceous millstone 
{ourrstone). 

Upper marine sands or Fontainebleau sandstone and sands. 
Ix)wer ftesh- water limestone and marl, or gypseous series. 
Sandstone and sands, with marine sands (kAU» moynes). 

Coarse sandy limestone, with marine shells {ecUcaire grassier). 
Hard fresh-water limestone {eaicaire sUideux). 

Lower sands, with marine shelly beds (tits coquillier). 

Lower sands, with iignite and plastic clay (argile plastique), 

130. As with the Paris and Englishdeposits, so with the other ter- 
tiary basins of Southern France, Spain, Austri^ Hungary, Italy, 
&c. — all of them exhibiting an irregular succession of mys, sands, 
limestones, marls, gypsum, and lignites, which, when examined 
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lithologically and palssontologically, are clearly referable to the 
same period of formation. Among the most remarkable features 
of foreign tertiaries are the infusorial and nummulitic strata — 
the former constituting such rocks as the “ tripoli ” of Bohemia 
and Virginia, and the latter the “ nummulitic limestones,” so 
abundant in Southern Europe, Egypt, and Asia. The tripoli con- 
sists almost entirely of the siliceous coverings of infusorial animal- 
cules, and is often of great thickness, as at Eichmond in Virginia, 
where it is nearly thirty feet ; and the nummulitic limestone, which 
is composed of coin-shaped {nummus, a coin) foraminiferous shells, 
is perhaps the most important of tertiary strata. Respecting 
this limestone, which was till recently regarded as belonging to 
the cretaceous system rather than to the base of the eocene 
tertiaries. Sir Charles Lyell remarks that “ it often attains a 
thickness of many thousand feet, and extends from the Alps to 
the Apennines. It is found in the Carpathians, and in full force 
in the north of Afiica — as, for example, in Algeria and Morocco. 
It has also been traced finm Egypt into Asia Minor, and across 
Persia by Bagdad to the mouths of the Indus. It occurs not only 
in Cutch, but in the mountain ranges which separate Scinde 
from Cabul ; and it has been followed eastward into India.” 


Upper. 

Middle. 
Lower. | 
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131. With respect to the extent and distribution of the lower 
tertiaries — laying aside the nunmiulitic limestone, which is in 
some respects a peculiar and anomalous development — we have 
as yet no certain knowledge. As there is often no perceptible 
mineral distinction between many clays, sands, and gravels, it 
is only by their imbedded fossils that geologists can determine 
their tertiary or post-tertiary character. Many accumulations at 
present regarded as superficial may be found hereafter to be of 
older date ; and thus it becomes difficult to fix with certainty the 
geographical limits of the system. So far as Europe is concerned, 
tertiary deposits have received considerable attention, and their 
area has been found to be much more extensive than was at one 
time supposed. In general, the deposits occupy well-defined tracts 
or basins ; hence the frequent reference in works on geology to the 
“ London basin,” “ Hampshire basin,” “ Paris basin,” and other 
tertiary tracts in Europe. As far as discovery has gone, there 
are few coimtries in Europe where tertiary strata have not been 
detected ; and while we regard those of England, France, Austria, 
and Italy as typical, we must ever bear in mind that considerable 
modifications may require to be made, as the tertiaries of India 
and North and South America come to be more closely examined. 
One important fact must not be lost sight of in ffi^wing any 
general conclusions from the distribution of tertiary deposits — 
viz., that as the fauna and flora of the period approach in 
chaiucter the fauna and flora of existing nature, and that as the 
plants and animals of Europe, India, Australia, South America, 
&c., all differ widely from each other, so may we expect similar 
differences among the fossil remains of these distant regions. 
And this, as will afterwards be seen, is fully borne out — the 
tertiary mammals of South America resembling the sloths, arma- 
dilloes, ant-eaters, and alpacas of that continent ; those of Aus- 
tralia its marsupial kangaroos and opossums ; while those of the 
Old World have more immediate relationship to its elephants, 
rhinoceroses, and horses. And here it may be remarked that the 
student cannot too early direct his attention to the laws which 
regulate the distribution of life on the globe, and bo able to 
distinguish clearly between identity and representation of species. 
During the Palaeozoic and Mesozoic epochs there appears to have 
been a greater identity of species over wide areas ; during^the pre- 
sent period the areas are more circumscribed, and the species in 
one region are only the representatives of those inhabiting 
another — that is, are specifically different in form, but discharge 
the same functions in the economy of nature. Thus the elephant 
of India is only represented by, and not identical with, the ele- 
phant of Africa ; the lion and tiger of Asia are represented by 
the puma and jaguar of America ; and the African ostrich finds 
its representative in the emu of Australia. * 

132. The igneous rocks associated with the system are, with 
the exception of a few doubtful cases, all of true volcanic origin. 
In England the tertiary strata have suffered no displacement 
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or change from igneous action ; but in Central France, along the 
Rhine, in Switzerland, in Hungary, and in Italy, there are ample 
evidences of volcanic activity during the deposition of the system. 
The crateriform hills of Auvergne and the Rhine present the 
finest examples of this activity, and form as it were a connect- 
ing link between the secondary traps and the products of exist- 
ing volcanoes. In their mineral composition the tertiary traps 
are chiefly trachytic — graduating from a compact felspathic grey- 
stone to a scoriaceous tufa, but in no instance presenting the 
dark, augitic, and hasaltiform structure of the carboniferous 
traps, nor the amygdaloidal and porphyritic texture of those 
associated with the old red sandstone and Silurian. 

133. As already stated, the organic remains of the system are 
all of cainozoic types— that is, either closely resemble, or are 
identical with, existing genera and species. Of course, since the 
commencement of the Eocene pieriod, many forms of life have 
died away, and it is to these extinct families, rather than to 
those still surviving, that we shall now direct attention. T]ie 
Flora of the teii;iary exhibits few marine species — the nature of 
the deposits being apparently unfavourable for their preserv£t- 
tion ; but the fluvio-marine beds contain remains that can be 
referred to the cycadacese, palms, conifene, leguminosae, willows, 
elms, sycamores, &c. Detached leaves, fruits, seeds, and seed- 
vessels are common in the London basin ; and the lignites of the 
Continent exhibit the true dicotyledonous structure. Such names 
as carpolUhes {carpos, fruit), cupressinites {cupressua, the cypress- 
tree), faboidea (jaba, a bean), leguminoaites {legumen, a pod), 
tricarpellites, chara, and the like, sufficiently indicate the exter- 
nal appearance and supposed alliances of these vegetable fossils. 
Of the Fauna, the invertebrate orders — infusoria, corals, star- 
flsbes, sea-urchins, serpulee, barnacles, foraminifera, Crustacea, 
and shell-fishes — are extremely abundant, both numerically and 
in point of species. So closely related are many of the testacea 
to those of our present seas, that, as formerly stated, the groups 
eocene, miocene, &c., have been instituted on the per-centage of 
existing shells found in their strata. Thus : 

Pleistocene, from 90 to 98 of living species. 

Pliocene, ,, 60 to 80 „ ,, 

Miocene, ,, 20 to 30 „ „ 

Eocene, „ 1 to 3 ,, ,, 

With respect to the fshes of the tertiary epoch, “they are so 
nearly related,” says M. Agassiz, “ to existing forms, that it is 
often difficult, considering the enormous number (above 8000) 
of living species, and the imperfect state of preservation of the 
fossUs, to determine exactly their sjjecific relations. In general, 
I may say that I have not yet found a single species which was 
perfectly identical with any marine existing fish, except the little 
species which is found in nodules of clay, of unknown geolo- 
gical age, in Greenland.” The most common ichthyolitea in the 
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English tertiaries are the shark-like teeth of gigantic placoids 
which seem to liave thronged these waters. Among the rejitilen, 
the most abundant are fresh-water and marine tm-tles {chelonia 
and platemys), with true analogues of the existing crocodile and 

f ivial. Of birds, several species have been described, chiefly 
•om the Paris strata, and these would seem to be connected 
with the genera buzzard, quail, curlew, sea-lark, wood-cock, 

f ielican, ana vulture. Of the mammalia, every existing order 
las had its tertiary representatives, though many of these genera 
are now extinct. Thus, the cetacea (whales) are represented by 
several species ; the edentata (toothless animals), by gigantic 
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analogues of the sloth, armadillo, and ant-eater, as niegatheriuni, 
megalonyx, &c. ; the ruminatUia (cud-chewers), by several species 
of elk, stag, antelope, buffalo, ox, &c. ; the packydermata (thick- 
skins), by numerous forms — as deinotherium, mastodon, elephant, 
hippopotamus, rhinoceros, hog, tapir, and a number of creatures 
resembling the tapir— as palceotherium {pataios ancient, and 
thermm, wild beast), anoplotherium, &c. ; the rode^itia (gnawers), by 
a number of species alhed to the beaver, hare, rat, squirrel, &c. ; 
the carnivora (flesh-devourers), by species of bear, hytena, fox, 
dog, seal, &c. ; the insectivora (insect-eaters), by remains of a 
species of mole ; the cheiroptera (liand-winged), by two or three 
species of bat from the gypsum beds of Montmartre ; the mar- 
supialia (pouch-nursing), by several sjjecies allied to the kaugai-oo 
and opoasum ; and the quadrumann (four-handed), by one or two 
instances from the eocene beds of England, apparently related to 
the Old-world monkeys. Tlius, every order of mammal, with 
the exception of man, has its representative during the tertiary 
epoch — differing it may be in certain species, but still presenting 
on the whole such a facies of reiemblance,that one feels that he is 
approaching the confines of existing nature. 

134. Respecting the distribution of sea and land, anil the 
climatal conditions of the world during the deposition of the 
tertiary strata, it is difficult to arrive at any satisfactory conclu- 
sion. It is certain, however, that one or other of the groui)s is 
to be found in every remon ; that in some instances they are 
strictly marine, and in others as decidedly fresh-water ; while in 
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many ba-sina, as in England and France, they are partly fi^h- 
water and partly marme, as if there had been frequent sub- 
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mergences and elevations, or, at all events, periods when fresh- 
water inundations prevailed in the areas of deposit. As to 
physical conditions, the cycads and palms and monkeys of the 
Ix>ndon basin give evidence of a tropical climate — a fact further 
corroborated by the huge pachyderms of the Paris strata, the 
gigantic edentata of South America, and larger marsupials of 
Australia. On the whole, there seem to have been wide areas 
of shallow seas thronged with the humbler forms of marine life, 
and low sunny islands crowned with cycads and palms ; broad 
estuaries prowled in by sharks ; rivers swarming with crocodiles ; 
open pasture plains for the horse and buffalo ; and dense woody 
jungles for the mastodon, deinotherium, and rhinoceros. 

135. The industrial products of the system are building-stone 
and marbles of various quality ; pipe and potter’s clay in abund- 
ance ; gypsum, or the well-known “ plaster of Paris ; ” and the 
highly-valued burr millstone of France, which is obtained from 
the upper fresh-water limestones of the Paris basin. Lignite or 
“ brown coal ” is also worked in several tertiary districts ; and 
amber, which is a fossil gum or gum-resin, is likewise obtained 
from the lignitic beds of the series. 


Pleistocene Group. 

136. This group, as the name impbes, is intended to embrace 
all tertiary accumulations, the organic remains of which are chiefly 
referable to existing species. In the present state of geological 
knowledge, it is impossible to define with precision the limits of 
pleistocene tertiaries, and all that can be attempted is to arrange 
under one head the clays, sands, gravels, and boulders, generally 
known as the “ drift formation.” As a whole, there is no class of 
rocks so perplexing, or whose origin is involved in greater obscu- 
rity, than this “ drift” or “ boulder clay” — the “ diluvium” of the 
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earlier geologists. Composed in some districts of irregular ridges 
and mounds of sharp gravelly sand ; in others of expanses of 
pebbly shingle ; and more generally, perhaps, of various coloured 
clays enclosing, without regard to arrangement, water-worn blocks 
or bovMera of all sizes, from a pound to several tons in weight, 
it is eWdent that it does not owe its origin to the ordinary sedi- 
mentary operations of water. It is also for the most part un- 
fossiliferous ; marine shells being found, and that very sparingly, 
only in certain sands and clays apparently belonging to the same 
epoch. Under these circumstances it will be sufficient for the 
purposes of the beginner to describe the leading phenomena con- 
nected with its occurrence in the British Ishinds and north of 
Europe, and to direct his attention to some of the theories that 
have been advanced to account for its formation. 

137. It has been alrejidy stated that the pleistocene group con- 
sists of accumulations of clays, sands, gravels, and boulder-stones 
— the latter sometimes lying detach^ or in masses, but more 
frequently enclosed in the clays without regard to gravity or any 
other law of arrangement. We say “accumulations of clays, 
sands, &c.,” because these seldom or ever appear in regular strata, 
but here in masses, and there spread over wide tracts, as if brought 
together by some unusual and extraordinarj' operation of water. 
These unusual appearances have long and largely engaged the 
attention of observers ; hence the variety of designations, such 
as “ dilimum,” “ diluvial drift,” “ northern drift,” “ erratic-block 
group,” and “ boulder formation.” WTien we examine the group 
as it occurs in Bribiin, we find it in some tracts (ea.stem counties 
of England) an open gravelly drift, consisting of ft-agments of all 
the older rocks, from the granite to the chalk inclusive. In other 
flistricts, as the middle counties of Scotland, large iireas are 
covered with a thick, dark, tenacious clay, locally known by the 
name of “ till,” and enclosing rounded and water-worn boulders, 
as well as angular fragments of all the older and harder rocks — 
granite, gneiss, greenstone, basalt, limestone, and the more com- 
pact sandstones. The boulders are of all sizes, are most fre- 
quently rounded and water-worn, and are distributed throughout 
the mass without any regard to sedimentary deposition. In other 
localities, both in En^and and Scotland, we find large areas 
covered by loose rubbly shingle and sand ; the shingle and sand 
often appearing in mound-like ridges, or in flat-topped irregular 
mounds, as if the originally gravel deposit had been subse- 
quently furrowed and worn away by currents of water. Occa- 
sionally districts are thickly strewn with boulders which rest on 
the bare rock-formations, without any accompanying clays or 
sands ; and at times only a single gigantic boulder will be found 
reposing on some height as sole evidence of the drift formation. 
When we come to examine the clays and sands more minutely, 
we find them partaking less or more of the mineral character of 
their respective districts. Thus, the boulder-clays of our coal-fields, 
though thickly studded with boulders of distant and primitive 
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ori"iu, are usually dark-coloured, and coutain fragments of coal, 
shale, and other carboniferous rocks. The same may be remarked 
of old and new red sandstone districts, where the clays are usually 
red ; and of oolitic and chalk tracts, where they assume a yellowish 
or greyish asjiect. 

138. In addition to what has been stated respecting the com- 
position of the drift, it may be remarked that the sands seldom 
exhibit lines of stratification, and that the clays are rarely or ever 
laminated. Occasionally sands and clays alternate, or a dark- 
coloured clay may be overlaid by a lighter-colour^ one ; but 
more frequently sands and clays occur en masse, enclosing curious 
“ nests ” or patches of gravel, and crowded accumulations of 
boulder-stones. On examining the surfaces of many of these 
boulders we find scratches and groovings, as if they had been 
rubbed forcibly over each other in one direction ; and what is 
still more curious, the surfaces of the rocks on which the boulder- 
clay reposes are all less or more smoothed, and marked with bold 
linear scratches and furrows, as if the boulders had been forcibly 
ciirried forv-ard, and had scratched and grooved them during the 
passage. Again, these scratches and groovings all trend in one 
direction, and that generally in lines parallel to the hill-ranges 
and valleys in which they occur. Moreover, most of the hills, as 
in Britain, present a bare bold craggy face to the west and north- 
west, as if worn and denuded by water, while their slopes to the 
east and south-east are usually masked with thick accumulatiom? 
of cLay, sand, and gravel. This appearance, generally known by 
the name of “ crag and tail,” is ascribed to the same moving forces 
or currents which transported the enormous boulders of the Drift, 
and fiirrowed the surihces of the rock-fonnations over which they 
were borne. 

139. Taking all these phenomena into account, it is quite clear 
that plei.^toceue accumulations owe their origin to no ordinary’ 
operations of water. We can conceive of no cimrent sufficiently 

i )owertul to transport boulder blocks of many tons in weight over 
lill and dale for hundreds of miles ; of no sedimentary condi- 
tions that would jiermit boulders and clays to be huddled up in 
tlie same indiscriminate mass ; while the smoothing and grooving 
of rock-surfaces point to long-continued action, and not to any 
violent cataclysm in nature, even could we conceive of one suf- 
ficiently jiowertul to transport the blocks and boulders. There ia 
only one set of physical conditions with which we are acquainted 
sufficient to account for all the i>henomena ; namely, Arctic lands 
with glacioi-s and avalanches to wear and waste, and Arctic seas 
Avith icebergs and ice-floes to transport the eroded material ; and 
it is now to such conditions that geologists turn for a solution of 
the boulder formation. After the deposition of the lower ter- 
tiaries, it would seem that the latitudes of Britain and the north 
of Europe underwent a vast revolution as to climate, and that 
some new arrangement of sea and land took place at the same 
period. At all events, the large mammalia of the earlier tertiaries 
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disappeared, and the land was submerged to the extent of several 
thousand feet, for we now find water-worn boulders on the tops 
of our highest hills. A cold period ensued, and icebergs, laden 
with boulders and gravel from other regions, passed over these 
Latitudes, and dropped their boulders on our then submerged lands. 
How long this process continued it is impossible to determine ; 
l)ut by-and-by a gradual elevation of the submerged lands took 
place ; our hill tops and lunges appeared as islands ; and our 
valleys as firths and straits. These islands were now covered 
periodically with ghiciers, and during a brief summer avalanches 
descended, glaciers smoothed the hill-sides and left the debris as 
'moraines of sand and gravel ; while the icebergs and ice-floes 
ground their way through the firths, smoothing and grooving 
the surfaces of opposing rocks, and dropping, as they melted 
away, their burdens of silt and boulders on the deeper sea-bottom. 
As the elevation continued, new sm-faces were exposed, the 
western fronts of our hiUs were wasted by waves and swept bare 
by currents, and the soft material of the sea-bottom, as it rose 
above the waters, wiis w.ashed away and carried to areas of sea- 
bottom not yet elevated above the waters. We say the “ western,” 
or rather “ north-western,” front of our hills ; for taking the 
phenomena of crag and tail into account, the direction of the 
grOovings on rock-surfaces, and other kindred ai)peamnces, it is 
evident that in Britain the transporting currents passed from 
north and west to south and east. It is thus that we find 
granitic and gneiss boulders from the Scottish Highlands now 
spread over the plains of Fife and Mid- Lothian, and blocks from 
the hills of Cumberland scattered over the moors of Yorkshire. 
In the north of Europe the drift has taken a more southerly 
course, and thus boulders from Lapland and Finland are spreiul 
over the plains of Russia and Poland ; and granites from Nor- 
way now repose on the flats of Denmark and Holstein. Occa- 
siomdly, fis in Switzerland, the drift appears to radiate from a 
centre ; and this we can readily conceive jis the Alj)s rose isolated 
ill a glacial sea, and annually dispersed their glaciere and icebergs 
in every direction. 

140. In process of time the Land was elevated to its present 
level, another distribution of sea and land took place, and the 
glacial epoch passed away. A new Flora and Fauna suitable to 
those new conditions were then established in Europe ; and these, 
with the exception of a few that have since become extinct, are 
the species which now adorn our. forests and people our field.«. 
Hitherto we have spoken only of the “ Drift ” as exhibited in 
Northern Europe ; but similar phenomena are manifested in 
Canada and the Northern States of America. Again, when we 
turn to the Antarctic Ocean, analogous appearances present them- 
selves in Terra del Fuego and Pat;igonia ; thus showing that, as 
at the present day icebergs and ice-floes are yearly discharged 
from the Arctic and Aubirctic seas, float towards warmer 
latitudes, and drop their burdens of sand, mud, and boulders 
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on the sea-bottom ; so during the pleistocene epoch the same 
agencies were at work discharging the same functions, and pro- 
ducing analogous results. 


RECAPITULATION. 


Tlie Tertiary s^'stem, as described in the preceding chapter, 
embraces all the regular strata and sedimentary accumulations 
which lie between the Chalk and the close of the Boulder or 
Drift Formation. Its organic remains are all of recent or Caino- 
zoic tyjies, and it has been subdivided into four groups, accord- 
ing to the numerical amount of existing species found imbedded 
in its strata, thus — 


Ploistoecno —remains, mostly of existing s]>ecies. 

Pliocene — romain.s, a majority of existing species. 

Miocene — remains, a minority of existing species. 

Eocene — remains, few, or the dawn, of existing sjwcies. 

In their minerjil composition and succession these groups pre- 
sent great variety — consisting of clays, sands, marls, calcareou.s 
grits, limestones, gyjjsum, and beds of lignite, with evidences of 
frequent alternations from marine to fresh-water conditions. *Ou 
the whole, clays and limestones prevail, and many of the latter 
are of very jjeculiar character, as the fresh-water burrstones of 
Paris, the gypsum or sulphate-of-lime beds of Montmartre, the 
infusorial trijxjli of Bohemia, and the nummulitic limestone of the 
Alps, Egypt, and India. Separating the older or true tertiaries 
fix>m the pleistocene or boulder group, it may be said that the 
former are found less or more in almost every country, though 
often confined to limited areiis, as if originally deposited in inland 
seas or estuaries. These well-defined depasits are usually tennetl 
“ basins ; ” hence the frequent allusion to the London and Paris 
basins, in which there are frequent alternations of marine and 
fresh-water beds, as if at certain stages fresh-water inundations 
had prevailed in the areas of deposit. The tertiaries of England, 
France, Switzerland, and Italy, are those that hav^e been most 
fully investigated, and, though ditfering in the composition and 
succession of their strata, are generally regarded as finding their 
equiv.aleuts in those of England, which may be briefly groujjed 
as under : — 


Pleistocene. 

Pliocene. 

Miocene. 


Eocene. 


f Fossilifcrou.s clays and sands of Clyde, Forth, ic. • 
1 Boulder or drift fomiation. 

Mammaliforous and Red crag. 

Coralline crag. 

' Fluvio-marine beds of Isle of Wight. 

Bagahot sands. 

London clay. 

Bognor beds. 

, Plastic clay. 
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As already stated, the organic remains of the system belong in 

t reater part to existing species, and thus among the plants we 
nd the leaves, fruits, and seed-vessels of palms, cycadese, pines, 
and, for the first time, of true exogenous timber-trees ; while 
among the animals we discover species of every existing order, 
with the exception of man. The most characteristic feature of 
the Fauna is perhaps the abundance of gigantic quadrupeds — in 
European tertiaries, of mastodons, elephants, deinotheriums, 
palieotheriums, rhinoceroses, &c. ; in South America, of mega- 
theriums, megalonyxes, glyptodons, &c. ; and in Australia, of 
animals allied to the marsupiiils of that continent, but of more 
gigantic proportions. The names given to these animals have 
reference in general to some striking peculiarity of structure, 
size, or appearance ; as mastodon, from the pap-like • crowns of 



its teeth (mastos, a nipple, and odous, a tooth) ; glyptodon {glyptos, 
cjirved or sculptured), from the curious markings of its teeth ; 
me^alonyx {megaVe, great, and onyx, a claw), from its large claws ; 
deinotherium (fleinos, terrible), terrible wild beast ; megatherium, 
huge wild beast ; and so on of othei-s. In respect of its fossils, 
the tertiary era presents a remarkable difference compiled with 
those of the chalk, oolite, or coal. During these epochs the plants 
and animals in every region of the globe presented a greater 
degree of sameness or identity ; whei’eas, during the tertiary 
.epoch, geographical distinctions and separation^ like those now 
existing began to prevail ; hence the difference between the 
tertiarj' mammals of Europe and those of South America, which 
represent its present sloths, ant-eatei-s, and armadilloes. What- 
ever the conditions of other regions during the deposition of the 
tertiary strata, we have evidence from the p.alms, cycadem, huge 
pachyderms, and monkeys, that in the latitudes now occupied 
by England and France, a warm or tropical climate prevailed ; 
and that at the close of the pliocene strata, these conditions 
were followed by those of an arctic or boreal character, which 
gave rise to the boulder or drift formation. As a separate group, 
the pleistocene in its unfossiliferous clays, its huge water-worn 
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boulders, its smoothed and scratched rock-surfaces, and other 
kindred phenomena, gives evidence of a long period when these 
latitudes were subjected to arctic conditions, when glaciers covered 
its hills and islands, and icebergs floated over its waters or 
ground their way through its firths and straits, smoothing and 
grooving opposing rock-.surfaces, and dropping, as they melted 
away, their burdens of clay, sand, and boulders on the deeper sea- 
bottom. 


XV. 


POST-TERTIARY SYSTEM, COMPRISING ALL ALLUVIAL DEPOSITS, 

PEAT-MOSSES, CORAL-REEFS, RAISED BEACHES, AND OTHER 

RECENT ACCUMULATIONS. 

141. Having treatal the Boulder-drift as the latest member 
of the Tertiary system, we now proceed to describe, under the 
term Post-Tertiary, all accumulations and deposits formed since 
the close of that epoch. However difficult it may be to account 
for the conditions that gave rise to the “ Drift,” there can be 
no doubt regarding the agencies which have been at work ever 
since in silting up lakes and estuaries, forming peat-mosses and 
coral-reefs, and laying down beaches of sand and gravel. At 
the close of the Pleistocene period, the present distribution of 
sea and land seems to have been established ; the land presenting 
the same surface-configuration, and the sea the same coast-line, 
with the exception of such modifications as have since been pro- 
duced by the atmospheric, aqueous, and other causes described in 
(’hapter II. At the close of that period the earth also appears to 
have been peopled by its present Flora and Fauna, with the 
exception of some local extinctions of certain animals, and the 
general extinction of a few species, whose remains are found 
imbedded in a partially petrified or sub-fossil state in post-tertiary, 
accumulations. We are thus introduced to the existing order of 
things ; and though our observations may extend over a period 
of many thousand years, yet every phenomenon is fresh and 
recent compared with those of the ejxichs already described. 
With the exception of volcanic lavas, deposits from calcareous 
and siliceous springs, some consolidated sands and old coral- 
reefs, we have now no solid strata — the generality of post-tertiary 
accumulations being clays, silts, sands, gravels, and peat-mosses. 
As they .are scattered indiscriminately over the surfadte, it is 
impossible to treat them in anything like order of superposition ; 
hence the most intelligible mode of presenting them to the be- 
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ginner, is to airange them according to their composition, and 
the causes obviously concerned in their production. Adopting 
this plan, the principal agencies and theix’ results may be classed 
iuj follows : — 


Fluviatile. 


Lacustrine. 


Marine. 


Chemical 


f Accumulations of sand, gravel, and alluvial silt in 
I valleys. 

-I Terraces of gravel, &c. in \’alleys, marking former water- 
I levels. 

(_ Deposits of sand, silt, &c. in estuaries, forming “Deltas.” 

( Lacustrine accumulations now in progress. 

< Lacustrine or lake silt filling up ancient lakes. 

( Shell and clay-marl formed in ancient lake-basins. 

f Submarine deposits and accumulations. 

< Marine silt, sand-drift, shingle beaehes, &e. 

t Raised or ancient beaches ; submarine forests. 

f Calcareous deposits, as calc-t\iff, travertine, &c. 

[ Siliceous deposits, os siliceous sinter, &c. 

Saline and suliihurous deposits from hot springs, vol- 
j canoes, &c. 

(^Bituminous exudations, as pitch-lakes and the like. 


f Vegetable — peat-mosses, jungle growth, vegetable-drift. 
Organic. < Aninud — shell-beds, coral-roefs, osseous breccia. See. 

( Soils — admixtures of vegetable and animal matters. 

f Elevations and depressions caused by eartheputkes. 
Igneous. < Displacements pn^uced by volcanic eruptions. 

( Dischaigos of lava, scoria), dust, and other matters. 

Carefully reviewing the above synopsis, and bearing in mind what 
was stated in Chapter II. respecting the causes now mollifying 
the crust of the globe, the student need be presented with little 
more than a mere indication of these accumulations. 


Fluviatile Accumulations. 

142. Under this head are comprehended all accumulations 
and deposits resulting from the operations of rivera. We have 
already seen (pars. 17 and 18) how streams and rivers cut for 
themselves channels, glens, and valleys, and transport the erodetl 
materials in the state of mud, sand, and gravel to some lower 
level. During inundations and freshets, some of this debris 
is spread over the river plains : in ordinary cases, some of it is 
deposited in lake.s and marshes, should such lie in its course ; and 
in all cases a notable proportion is lodged in estuaries or carried 
out into the ocean. The natural tendency of rivers being thus 
to deepen their channels, and spread the eroded material over the 
lower levels, all river- valleys will in course of time become dr}* 
plains, even though originally consisting of marshes and chains of 
hikes. Such operations have been going on since the land re- 
ceived its present configuration ; and thus we have fluviatile 
deposits of vast antiquity, as well as accumulations whose origin 
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is but of yestenlay. Such alluvial tracts as the “carses” and 
“ straths ” of Scotland, and the “ dales ” and “ holmes” of England, 
have been formed in this way ; and in many of these have been 
found the bones of elephants, rhinoceroses, wild boars, elks, bears, 
wolves, beavers, and other animals long since extinct in the 
British Islands. Such accumulations are often of great thickness, 
and consist for the most part of alluvial silt, masses of gravel 
and shingle, with occasional beds of fine dark-blue unctuous 
clay, and layers of peat-moss and shell-marl. 

143. In most of the inland valleys of this and other countries 
there apjjear, belting their slopes, long level terraces composed of 
sand, siiingle, and silt. Such terraces give evidence of former 
water-levels, and jmint to a time when the valley was occupied 
by a lake at that height, or when the plain stood at that level, 
and before the river liad worn its channel down to the present 
depth. Eiver-ten-aces must not be confounded with the raised 
bellies which fringe many parts of our coasts and estuaries ; for, 
though both are in one sense ancient water-levels, the former may 
be local and partial, while the latter are general and uniform. 
Besides, the remains found in the one are of terrestrial or fresh- 
water origin ; in the other they are strictly marine. These ter- 
races have long attracted attention, and point to a time when 
many of our fertile valleys were chains of lakes and morasse-s, 
which have been drained and converted into alluvial land by the 
natural doejjening of their river-channels. 

144. At the mouths or in the estuaries of all existing rivers 
there have been accumulating, since sea and land received their 
present configuration, deposits of mud, sand, gravel, and vege- 
table debris. In course of time these deposits constitute lai^e 
ex])anses of low alluvial land, known as “Deltas,” the most 
notable instances of which are those of the Eliine and Po in 
Eurojje, of the Nile and Niger in Africa, of the Ganges and 
Chinese rivers in Asia, and of the Mississippi and Amazon in 
America. Many of these deposits are of vast extent, and, with 
the exception of what is taking place at the bottom of the ocean 
(of which we know almost nothing), they are of all modem forma- 
tions the most important in modifying the crust of the globe. 
Where a river discharges itself into a non-tidal sea, like the Po 
into the Gulf of Venice, the delta will be mainly of fluviatile 
origin ; but where the dischai'ge is into a tidal sea, like the 
Ganges into the Bay of Bengal, the deposit will be partly fluvia- 
tlle and partly marine. Further, the deltas of tropical rivers 
subject to periodical inundations are, during the dry season, low 
flat tracts full of swamps, creeks, and mud-islands, which nourish 
the rankest jungle growth, herds of gigantic amphibia, shell-beds, 
and shoals of fishes. On the return of the wet season, man}' of 
these plants and animals are buried where they grow, or are swept 
forw'ard into the ocean. We have thus a complex set of agents- — 
rivers, tides, waves — the drift from inland, the drift from the sea, 
and the growth of plants and animals in situ,. All these conjoined 
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render estuary deposits extremely perplexing and irregular in 
their composition ; and though in general terms they may be said 
to consist of mud, clay, sand, gravel, and vegetable debris, inter- 
mingled with organisms of terrestrial, fresh-water, and marine 
origin, yet scarcely two of them present one feature in common. 
In their fossil contents they must vary also, according to the 
countries in which they are situated ; the Ganges, for example, 
entombing in its delta the palm.s, tree-ferns, elephants, tigers, 
and lions of India ; the Niger, the palms, the elephant, hippopo- 
tamus, rhinoceros, giraffe, camel, and ostrich of Africa ; while 
the Mississippi floats down the pines, bufiiiloes, elk, deer, and 
beavers of North America. 

Lacustrine or Lake Deposits. 

145. Lacustrine deposits (}acua, a lake) are those found either 
. in existing lakes, or occupying the sites of lakes now filled up. 
Lakes are found in every region of the world, and act as settling- 
pools or filters for the rivers that flow through them. A river 
on entering a lake maybe turbid and muddy, while the water that 
flows from it is limpid and clear as crystal. The mud or sand 
settles down as silt, and successive depositions of silt, with inter- 
mixtures of vegetable drift and peat-moss and marl, constitute 
the ordinary composition of lacustrine accumulations. Situated 
in plains or valleys, a lake serves in general as a basin of reception 
to several streams and rivers. The mud borne down by the.se 
streams settles at their mouths, and forms small deltas, w'hich in 
process of time are covered with rushes, reeds, sedges, and other 
marsh plants ; new accumulations of sediment push their way 
into the centre of the lake, and new growths of marsh plants 
arise. The annual growth and decay of these plants form beds of 
peat ; while fre.sh-water shells, infusorial animalcules, and cal- 
careous springs, combine to elaborate layera of marl. These 
agencies, acting incessantly, are gradually shoaling and silting up 
all lakes ; lessening the areas of some, converting others into 
marshes, and these again into dry .alluvial land. Silted-up lakes 
are rife in every country, and a great proportion of our alluvial 
valleys are but the sites of marshes and lakes filled up and obli- 
terated by the process above described. The organic remains 
found in lake deposits ai-e strictly fresh-water and terrestrial — 
fresh-water shells, .as the limnsea, planorbis, and paludin.o, in the 
marls ; marsh phants, as the reed, bulrush, .and equisetum, in the 
peat-moss ; drift or terrestrial plants, as the birch, hazel, oak, pine, 
&c., in the silt ; with bones, and sometimes complete skeletons, of 
the elk, deer, ox, horse, bear, beaver, otter, and other mammalia. 
In many of the lake deposits of Britain, Ireland, France, and 
Belgium, canoes, stone battle-axes, bone weapons, and other 
objects of human art have been discovered, all pointing to the 
recent period of geologjq though historically of vast antiquity, and 
far beyond the written records of our race. 
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Marine Deposits. 

146. The marine dejMsits of the modem epoch naturally divide 
themselves into three great classes, — those taking place under the 
waters of the ocean, as sandbanks and shoals ; those collecting 
along the sea margin, as sand-drift and shingle-beaches ; and 
those, like ancient beaches, now elevated above the level of the 
present seas. Kesijecting the first class of deposits, we know very 
little indeed, few parts of the ocean having been sounded for 
geological purposes ; and even where sounded, the indications are 
too obscure to warrant any definite conclusion. So far as dredg- 
ings and soundings enable us to decide what is going on under 
the waters, submarine deposits appear to bo extremely varied — 
here soft slimy mud, there light-coloured clay, with shells ; here 
shelly sand, replete with minute foraminifera and broken corals ; 
there sandy shoals and gravel-banks ; and over the whole, eleva- 
tions and depressions as irregidar and varied as those of the dry 
laud. Such irregularities of sea-bottom, conjoined with the con- 
figuration of sea and land, give rise to numerous currents, and 
these currents not only distribute the submarine debris, but 
transport the products of one region to another. The principal 
ocean-currents are the tides, with all their varied ramifications, 
the Gulf-Stream, and the currents which set in from either pole 
towards the equator. The tidal currents are perpetually shifting 
and re-distributing the deposits along the sea-bottom ; the Gulf- 
Stream is as regularly transporting tropical products to temperate 
regions ; and the polar currents carry with them icebergs and 
ice-floes laden with rocks and gravel, which are dropped on the 
sea-bottom as the ice melts away in warmer latitudes. All these 
agents are incessantly at work ; and thus deposits ai'e now accu- 
mulating along the bottom of the ocean, which, if raised into dry 
land, would equal in extent any of the older formations. 

147. Marine silt, sand-drift, shingle-beaches, and the like, are 
the tenns usually applied to accumulations which have taken 
place, or are still in progi’ess, along the present shores of the ocean. 
Waves and tidal transports ai-e the agents to which these owe their 
origin ; they occur in bays and sheltered rece-sses, and, as strictly 
marine formations, are not to be confounded with the silt of 
estuai'ies and river embouchimea. Around the shores of our own 
island, and, in fact, along the shores of every other country, the 
tides and waves are wasting away the land in some localities, and 
transporting the debris to sheltered bays and creeks, there to be 
laid down as mud-silt, sand, or gr.avel. This process must have 
been going forward since sea and land acquii'ed their present dis- 
tribution, and thus many of these accumulations are both of vast 
extent and great antiquity. As examples of marine silt, we may' 
point to the “ warp” of the Humber, to the fens and marshes of 
Lincolnshire and Gambridge, and to the low plains of Holland 
and Denmark, which are all the immediate formation of the 
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Gennan Sea. Of sand-drift, which is fii-st accumulated by the 
tides and waves, and subsequently blown into irregular heights 
and hollows by the winds, we hav'e instiaictive instances in the 
Bay of Biscay ne.ar the Garonne, between Donegal Bay and Sligo 
Bay in Ireland, and between the Tay and Eden in Scotland. Of 
these recently-formed silts and sand-drifts, thousands of acres lie 
waste and worthless ; but of the older portions large tracts liave 
been reclaimed, and are now under the plough of the farmer. 
Their organic remains are of all ages, from the drift of the last 
tide to the half-petrified bones of whales and shells of mollusca 
now extinct in these seas. 

148. All along the shores of the British Islands, as well as along 
the shores of every other sea, there exists a level margin, more or 
less covered with sand and gravel. This constitutes the existing 
beach, or sea-margin ; but aTOve it, at various heights, are found, 
following the bays and receases of the laud, several similar mar- 
gins or terraces known as “ancient or raised beachea” These 
give evidence of either elevation of the land or depression of the 
ocean, a^d point to times when sea and land stood at these suc- 
cessive levels. We have several notable examples along our own 
coast, at heights about twenty, forty, and eighty feet above the 
pre.sent sea-level ; and similar indications are found along the 
coast of Norway, the shores of the Baltic, in the Bay of Biscay,- 
along the coasts of Spain ; and recently elevated water-levels have 
been discovered on the coasts of both Americas. In some dis- 
tricts these terraces are covered with sand, shells, and shingle ; 
in other localities, a mere shelf or line along a hill-side bears 
evidence of the former presence of the tides and waves. As 
raised beaches seem to point t<> successive elevations of the 
laud, so do submarine forests give evidence of local depressions. 
We say local depressions, for as yet these so-called forests 
have been found only in limited areas, as in the Firths of Forth 
and Tay, near the mouth of the Humber, and on the coast of 
Hanijishire. In general, they consist of flat tracts of peat-moss 
or dark-coloured day, with numerous stumps and trunks of trees, 
a few feet under the ordinary sea-level, and only exposed at 
low tides, or when washed bare after a storm. The very slight 
difference existing between the level of these forests and that of 
ordinary tides has suggested the idea that they give no evidence 
of submergence, but merely point to low woody tracts at one time 
sheltered irem the inroads of the sea by sand-hills and headlands, 
but laid prostrate and covered by the waves as these sand-hills 
and barriers were overthrown. In whichever \^'ay the pheno- 
mena may be accounted for, the student has only to remember 
that local submergences by earthquakes and otherwise are quite 
as possible as local elevations ; and that the half-fossilised oaks, 
pines, and hazels of these submarine forests are identical witli 
those now flourishing in the same localities. 
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Chemical Deposits. 

149. Under this head we have classed all dejwsits arising from 
calcareous and siliceous springs, all saline incrustations and preci- 
pitates, and all bituminous or asphaltic exudations. The most 
frequent deposits of a calcareous nature are calc-tuff and calc-sinter, 
stalagmites and stalactites, and travertine. Calc-tuff, as the name 
implies, is an open, porous, and somewhat earthy deposition of 
carbonate of lime from calcareous springs, and is found in con- 
siderable masses enclosing fragments of plants, bones, shells, and 
other organisms. Calcsinter, from the German word sintem, to 
drop, is of similar origin, but more compact and crystalline, and 
has a concretionary structure, owing to the successive films which 
are drop by drop added to the mass. Stalagmites and stalactites, 
already noticed m par. 23, are often of considerable magnitude in 
limestone caverns, and are here noticed as frequently enclosing 
the bones and skeletons of animals fouud in these caverns. Tra- 
vertine (a corruption of the word Tiburtiuus) is another calcareous 
incrustation, deposited by water holding carbonate of lime in 
solution. It is abundantly formed by the river Anio at Tibur, 
near Rome ; at San Vignoue, in Tuscany, and in other parts of Italy. 
It collects with great rapidity, and becomes sufficiently hard in 
course of a few years to form a light durable building-stone. As 
with deposits from calcareous, so with deposits from siliceous 
springs — these forming siliceous tufa and sinter in considerable 
masses, as at the hot springs or Oeysers of Iceland (where it 
fills fissures 12 and 14 feet in Avidth), the Azores, and other 
v'olcanic regions. 

150. In hot countries, incrustations of common salt, nitrate of 
soda and potash, and other saline compounds, are formed during 
the dry season in the basins of evaporated lakes, in deserted river- 
courses, and in shallow creeks of the sea. These incrustations go 
on from year to year, and in course of time acquire considerable 
thickness, or are overlaid by sedimentary matter, and there ex- 
hibit alternations like the older formations. Such deposits are 
common in the sandy tracts of Afinca, in the river-plains of South 
America, along the coasts of India, and in the salt lakes of Cen- 
tral Asia. With respect to springs and exudations of petroleum, 
asphalt, and the like, it may be remarked that they are too 
limitefl and scanty to produce any sensible effect on the bxilk of 
the rocky crust, and are principjdly of geological importance as 
throwing light on analogous products of earlier date. 


Organic Accumulations. 

161. Organic accumulations, as depending on the agencies 
described in pars. 20 and 21, consist either of vegetable or of 
animal remains, or of an intimate admixture of both. The moat 
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important of those resulting from vegetable growth are ]Mat- 
mosses, jimgle-swamps, drift-rafts, and submerged forests. Feat, 
which is a product of cold or temperate regions, arises from the 
annual growth and decay of marsh plants — reeds, rushes, equi- 
setums, grasses, sphagnums, and the like, being the chief con- 
tributors to the mass, which in process of time becomes crowned 
and augmented by the presence of heath and other shrubby vege- 
tation. Peat-moss has a tendency to accumulate in all swamps 
and hollows ; and wherever stagnant water prevails, there it in- 
creases, filling up lakes, choking up river-courses, entombing 
fallen forests, and spreading over every surface having moisture 
sufllcient to cherish its growth. It occupies considerable areas in 
Scotland and England, though rapidly disappearing before drain- 
age and the plough ; but it still covers wide areas in Ireland. It 
is foimd largely in the Netherlands, in "Russia and Finland, in 
North America, and in insular positions, as Shetland, Orkney, and 
the Falkland Islands. It occurs in all stages of consolidation, 
from the loose fibrous turf of the present generation to the 
comj>act lignite-looking peat formed thousands of years ago. 
Besides the peculiar plants which constitute the mass, peat-mosses 
contain trunks of oak, pines, and other huge timber-trees, appa- 
rently the wrecks of forests entangled and destroyed by their 
growth, prostrated by storms, or felled by the hand of man. 
Bones and horns of the elk, stag, ox, and other animals are found 
in most of our British mosses, with occasional remains of human 
art, as canoes, stone-axes, querns, and coins ; and not unfrequently 
the skeleton of man himself. Some of these fossils are compara- 
tively modern ; others point to a period apparently coeval with 
the dawn of the human race. As with peat-mosses in temperate 
latitudes, so with the jungle growth of tropical deltas, as those of 
the Niger, Ganges, and Amazon ; so with the cypress-swamps of 
the United States ; and so also with the pine-rafts and vegetable 
debris borne down by such rivers as the Mississippi, and entombed 
amid the silt of their estuaries. All are adding to the solid struc- 
ture of the globe, and forming beds, small it may be in compa- 
rison, but still analogous to the lignites of the tertiary, and the 
coals of the carboniferous era. 

162. Accumulations resulting from animal agency are xmi- 
versal and varied ; but those of any appreciable magnitude are 
chiefly coial reefs, shell-beds, and infusorial deposits. The nature 
and growth of the coral zoophyte has been already alluded to in 
par. 22, and we need here only observe the extent of its distribu- 
tion in the Pacific, Indian, and Southern Oceans. Viewing a coral 
reef as essentially composed of coral structure, with intermixtures 
of drift-coral, shells, sand, and other marine debris, we find such 
masses studding the Pacific on both sides of the equator, to the 
thirtieth degree of latitude ; abounding in the southern part of the 
Indian Ocean ; trending for hundreds of miles along the north-east 
coast of Australia ; and occurring less or more plentifully in the 
Persian, Arabian, Red, and Mediterranean Seas. In the Pacific, 
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where volcauic ageucy is actively upheaving and submerging, 
coral-reefs are found forming low circular islands, fringing isfinds 
of igneous oiigiu, crowning othera already upheaved, or stretch- 
ing away in long sui’f-beaten ridges of many leagues in length, 
and from twenty to more than one hundred feet in thickness. 
Kegarding them as mainly composed of coral, and knoudng that 
the zoophytes can only acid a few inches to the structure during 
a century, many of these reefs must have been commenced before 
the dawn of the present epoch ; and looking upon them as con- 
sisting essentially of (sarbonate of lime, we have calcareous accumu- 
lations rivalling in magnitude the limestones of the secondary 
foiinations. Shell-beds, like those formed by the oyster, cockle, 
mussel, and other gregai'ious molluscs, are found in the seas and 
estuaries of every remon, often spread over areas of considerable 
extent, and several feet in thickness. Dead shells are also accu- 
mulated on certain coasts in vast cjuantities ; and sheU-sand, 
entirely composed of comminuted snells, is drifted for leagues 
along the shores of every existing sea. In fact, when we consider 
the mjTiads of testacea that throng the waters of the ocean, the 
rapidity with which they propagate their kind, and the indestruc- 
tible nature of their shells, we are compelled to admit their accu- 
mulations to a place in the present epoch, as important as that 
which they held in any of the earlier eras. In treating of the 
chalk and tertiary strata, we saw what an important part had 
been played in the formation of certain beds by infusorial ani- 
malciUes and minute foraminifera ; and so far as the researches 
of microscopists have gone, it would appear that the same minute 
agencies are still at work in the silt of our lakes and estuaries, 
and in the shoals of our seas. What the eye regards as mere 
mud and clay, is found, under the lens of the microscope, to con- 
sist of countless mjriads of infusorial cases, or the shells of fora- 
minifera — a discovery whose limits will be further extended as the 
microscope becomes, as it soon must be, the inseparable companion 
of the geological inquirer. 

153. Although coral-reefs, shell-beds, and infusorial deposits are 
the only accumulations of any magnitude arising from animal 
agency, yet what are usually termed ossiferous gravels {os, a bone, 
and fero, I yield), ossiferous caverns, and osseous breccia, are too 
important in a palaeontological point of view to be passed over 
without some notice, however cursory. Sands and gravels con- 
taining masses of drift bones, such as the tusks and grinders of 
the mammoth and elephant, the bones and teeth of the rhinoceros, 
liippojwtamus, horse, bear, &c., and the boms and bones of the 
elk, stag, and wild ox, are common in the valleys of Britain, in the 
river-plains of North America, and in the gravel clifls of Siberia 
and the Polar Seas. Caverns occurring in the limastones of 
Englantl, France, Belgium, Germany, Italy, North America, and 
Australia, are often replete with bones preserved in stalagmi- 
tic incrustations, or in calcareous mud ; and masses of drifted 
bones (osseous breccia) occur in rents and fissures, cemented 
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together, and petrified by calcareous tufa. To this curious series 
of accumulations belong the mastodons of North America, the 
mammoths of Siberia, the diuornis or gigantic ostrich-like bird of 



Mammoth. 


New Zealand, the elephants and elks of our own valleys, and the 
remarkable heterogeneous accumulations of elephant, hippopota- 
mus, horse, bear, hyaena, deer, ox, stag, and other bones found in 
the caves of the Derbyshire, Mendip, and Yorkshire hills. Most 
of these remains belong to animals now extinct in the countries 
where they occur, and point to a period apparently anterior to 
the human race. Occasionally, as in Belgium and France, human 
bones and traces of savage life are found in these caverns ; but 
in such cases man has become the tenant long after the other 
bones were imbedded ; and we have as yet no di.stinct evidence 
that our race was coeval with the mastodon in America, with 
the elephant in Britain, or with the herds of mammoths that 
browsed on the ancient river-plains of Siberia. The human 
skeletons found in Continental caverns and osseous breccias, in 
the river-silts of South America, in the peat-bogs of our own 
island, ,and in the tufaeeous limestone or coral-conglomerate of 
Guadaloupe, are, comparatively speaking, but of yesterday, and 
date back at the utmost but a few thousand years. 

154. The deposits described in the preceding paragraphs are 
either of vegetable or of animal origin ; but there is an inti- 
mate admixture of both in the soil or superficial covering of the 
earth. Strictly speaking, soil is an admixture of decomposed 
vegetable and animal matter — the decay of plants, and the droj>- 

! )ings and exuvise of animals. Though generally containing a 
arge proportion of earthy ingredients, its dark loamy asjiect 
renders it readily sepamble from the “ subsoil ” of sand, chiy, or 
gravel, that lies beneath. It is of universal occurrence, no portion 
of the earth’s crust being uncovered with it, unleas, perhaps, the 
newly deposited debris on the sea-shore, the shifting-sands of the 
desert, or the snow-clad mountain-top. In some places it liarely 
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covers the flinty rock, in others it is several feet in thickness, and 
everywhere it is annually on the increase. 


Igneous or Volcanic Accumulations. 

155. The effects of igneous action in modifying the crust of 
the globe, have been already adverted to in pars. 24-27, it hav- 
ing been there shown that it acts either as a gradually elevating 
force, as a displacing ^and deranging force, or as an accumulat- 
ing agent by discharges of lava, scoriae, dust, and ashes. Whether 
manifesting itself in quiet upheavals, in e^hquakes, or in vol- 
canoes, its geological results are of prime importance ; and though 
the present epoch, as compared with some of the past, be one of 
rest and tranquillity, yet wide regions of the globe bear witness 
to extensive modifications even within the history of man. 
Volumes might be filled with the records of such changes ; our 
limits only permit a few recent examples : — Since the commence- 
ment of the present century, the shores of the Baltic have been 
gradually elevated from ten to fourteen inches above their 
foimer level, and are still apparently on the uprise. By an 
earthquake in 1819, a tract in the delta of the Indus, extending 
to nearly fifty miles in length and sixteen in breadth, was up- 
heaved ten feet, while adjoining districts were depressed, and 
the features of the delta completely altered. By the OTeat Chili 
earthquake of 1822, a tract of not less than one himdred thousand 
square miles was permanently elevated about six feet above its 
former level ; and part of the sea-bottom remained dry at high- 
water, with beds of shell-fish adhering to the rocks on which 
they grew. 

156. The above are examples of upheaval on a great scale, and 
attended with comparatively few convulsions or displacements. 
The following are of a diflferent order : — In 1692, the town of 
Port Royal in Jamaica was visited by an earthquake, when the 
whole island was frightfully convulsed, and about a thousand 
acres in the vicinity of the town submerged to the depth of fifty 
feet, burying the inhabitants, their houses, and the shipping in 
the harbour. The disasters of the great Lisbon earthquake in 
1765, when the greater part of that city was destroyed, and 
sixty thousand persons perished in the course of a few minutes, 
have been repeatedly recited ; as have also those of Calabria, 
which lasted nearly four years — from 178.3 to the end of 1786 — 
producing fissures, ravines, landslips, falls of the sea-clifiF, new 
lakes, and other changes. 

157. The products of volcanoes, and the efiiects of volcanic 
action, have been sufficiently debiiled in pars. 25 and 54. The 
eruptions of Etna and V esuvius are m.atters of everyday notoriety ; 
the burying of Herculaneum and Pompeii, a subject of high 
historic interest. In 1783, the discharges of the Skaptar Jokul, 
in Iceland, continued for nearly three months, producing the 
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most disastrous efifects, as well as most extensive geological 
changes on the face of the island. “ The immediate source, and 
the actual extent of these torrents of lava, have never been 
actually determined ; but the stream that flowed down the 
channel of the Skaptar was about fifty miles in length, by 
twelve or fifteen in its greatest breadth. With regard to its 
thickness, it was variable, being as much as five hundred or six 
hundred feet in the narrow channels, but in the plains rai-ely 
more than one hundred, and often not exceeding ten feet.” We 
quote this as one of a hundred instances that might be advanced, 
to show the extent of discharges from existing volcanoes. Whe- 
ther as lava, pumice, scoriae, dust, hot mud, or ashes, volcanic 
products, both on land and under the ocean, are materially 
adding to the structure of the rocky crust, just as in former 
epochs a similai' function was performed by the granites, por- 
phyries, basalts, traps, and trap-tufls, of the mineralogist. 


RECAPITULATIOX. 

In the preceding chajiter we have briefly indicated the nature 
and extent of the various accumulations that have taken place 
since the close of the Boulder-drift ; in other words, since sea and 
land acquired the outlines of their present configtiration, and were 
])eopled with existing species. I'hese accumulations w'e have 
classed under the head post-teutiary or recent, and subdivided 
into the following groups, according to the agents chiefly con- 
cerned in their aggregation : — 

Fi.UVIatu.E. — R iver accumulations and estuaiy dei>osits. 

Lacustrine. — L ake-silt and marls. 

Marine. — M arine silt, sand-drift, shingle-lx!ache.s, &c. 

Organic. — P eat-mosses, shell-beds, coral reefs, &c. 

CHE.MICAL. — Calcareous, siliceous, and saline dei>osits. 

Igneous. — D ischarges of lava, &c. ; earthquake displacements. 

As all these agencies are incessantly at work, some of the pre- 
* ceding accumidations are still in progres.s, others are compara- 
tively recent, and some again of vast extent and antiquity. 
Indeed, when estuary deposits, alluvium in valleys, lake silts, 
peat-mosse.s, sand-drifts, and coral-reefs, are taken in the aggre- 
gate, they assume a geological importance not at all inferior, 
as far as amount is concerned, to any of the older formations. 
Pahcontologically, they ai-e also of considerable interest, aflbrding 
evidence of certain general extinctions as, the mammoth, dinoruis, 
dodo, &c. ; and of many local extinctions, as those of the ele- 
phant, rhinoceros, wild bo:ir, elk, bear, wolf, be.aver, &c., from 
the surface of our own islands. In fiict, the cosmical condi- 
tions of our planet forbid any cessation of progress ; and thus, 
while its inorganic materials are being worn down, sldfted, and 
recon.structed, its vitality must also undergo modifications, re- 
distributions, and it may be extinctions. Theoretically^ the 
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accumulations of the present era are not only of high interest 
in themselves, but of prime importance, a-s furnishing a key 
to the complicated phenomena of former epochs ; practically, 
they present many important features to the farmer, engineer, 
and navigator, and furnish us industrially with such piquets 
as brick -clay, sand, marl, peat, pumice, sulphur, brown-coal, and 
amber. 


XVI. 


REVIEW OF THE STRATIFIED SYSTEMS. — GENERAL DEDUCTIONS. 

158. To present a history of the structure aud past conditions 
of our globe is the object of all geological inquiry. Astronomy 
may reveal its relations to the other orbs of the planetary system ; 
Geology alone can unfold its individual constitution and struc- 
ture. At the outset of his inquiiy— on the very surface of the 
locky crust he is about to examine — the geologist is met by the 
fact, that everything beneath and around him is in ceaseless 
action, reaction, and change. The causes of this change he finds 
in the atmosphere that envelopes the earth, in the waters that 
course its surface, in the life that peoples it, in the chemical con- 
.stitution of the substances of which it is composed, and in the 
fires that glow within its interior. These are ever and every- 
where active ; here wasting and degrading, there accumulating 
and reconstructing ; here submerging the habitable dry land 
beneath the ocean, there upheaving the sea-bottom to form new 
islands and continents ; and anon preseiwing in the re-formed 
material the remains of plants and animals as evidences of the 
world’s conditions at the time of their entombment. As at the 
present moment, so in all time past, the same sort of operations * 
must have been going forward, and the results are manifested in 
the rock-formations of the solid crust which it is the province of 
geology to investigate. 

159. In rocky crust we find sandstones that must have formerly 
spread out as sandy shores ; conglomerates that formed pebbly 
beaches ; shales that were the muddy cLays of former lakes and 
estuaries ; limestones that once were living coral-reefs ; and 
coal-beds composed of the remains of a bygone vegetation. Here, 
also, we discover imbedded corals and shells and fishes that must 
have lived in the ocean ; reptiles that thronged shallow bays 
and estuaries ; huge mammalia that browsed on river-plains ; 
and plants, some that flourished in the swampy jungle, and 
others that reared their trunks in the tropical forest. Of all this 
there is the clearest and most abimdant evidence ; and by com- 
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paring and arranging, by tracing back from the accumulations of 
yesterday to the deepest-seate<l strata in the rocky crust, geolo- 
gists have been enabled to present a pretty vivid outline of the 
world’s history — of all its phases and conditions from the earliest 
time we have traces of organisation and life, up to the existing 
order of things of which Man is the appointed head and orna- 
ment. 

160. The exponents of this history, we have said, are the rocky 
strate of the globe, and these, after diligent research in many and 
distant regions, have been arranged into systems and groups, each 
set being spread over certain areas, marked by some peculiarity 
of minem composition, and characterised by the remains of cer- 
tain pl.ants and anunals not found in any other series of strata. 
Briefly tabulated, these systems and OToups present the following 
succession ; and could we map out their respective areas in the 
same manner as we do the existing sea and land, and restore the 
forms of their fossil plants and animals, geology would have 
accomplished its task, and done for the past phases of the globe 
what geography and natural history are doing, and liave done, for 
its present features : — 

SyiUmt. 

Post- Tertiary. 


Tertiary. 


Cretaceous. 

Oolitic. 


Thiassic. 

Permian. 


Carboniferous. 


Old Red Sandstone. 


Silurian. 


METAMOBPmC, 


Oroiipt . 
( In progress. 
\ Recent. 


Epocht . 


f Chalk. 

1 Greensand. 

^ Wealden. 

Oolite. 

( Lias. 


j- Cainozoic. 


^ Mesozoic. 


f Saliferous marls. 

< Muschelkiilk. 

( Upper new red sandstone. 

{ Magnesian limestone. 

Lower new red sandstone. 

/ Coal-measures. 

) Millstone grit, 
j Mountain limestone. 

V. Lower coal-measures. 

/Yellow sandstones. 

I Red conglomerates, 
j Grey fissile sandstones. 

(. Great conglomerate (?) 

/ Upper Silurian. 

< Lower Silurian. 

( Cambrian (?) 

/ Clay-slate. 

< Mica-schist. 

Gneiss and granitoid schists. 


}■ Paleozoic. 


) Azoic, or 
j HYI’OZOIC. 
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161. Such are the stratified systems composing the crust of the 
glol>e, such the types of vegetable and animal life that have 
successively peopled its surface. In these we find a long giada- 
tion of change and progress — not progress from imperfection tt> 
perfection, but from humbler to more highly organised forms. 
From the lowly sea-weetls of the Silurian strata and marsh- 
plants of the old red sandstone, we rise to the prolific club-mosses, 
reeds, tree-ferns, and gigantic endogens of the coal-measures ; 
from these to the mlms, cycads, and pines of the oolite ; and 
from these again to the exogeus or true timber-trees of the present 
era. So also in the animal kingdom ; the graptolites and trilo- 
bites of the Silurian seas are succeeded by the higher Crustacea 
and bone-clad fishes of the old retl sandstone ; these by the 
sauroid fishes of the coal-measures ; the sauroid fishes by the 
gigtintic sauriaus and reptiles of the oolite ; the reptiles of the 
oolite by the huge mammalia of the tertiarj' epoch ; and these in 
time give place to present species, with hlan as the crowning 
form of created existence. 

162. We have seen that certain agents .are ceaselessly modify- 
ing the superficial configuration of the earth, and giving rise to 
new conditions ; and as plants and animals are influenced in their 
forms and distributions by external causes, these new conditions 
must be accompanied by new phases and arrangements of \-itality. 
So it has been, as we trace giaven on the rocky records of geolog)' ; 
so it is ; and so, we infer, it will ever continue to be, under 
the ceaseless superintendence of an all -wise and beneficent 
Creator. To discover the facts of this long giadation of change 
and progress, and to combine the whole into a connected and 
intelligible history of our planet, is the aim of all geological 
inquiry — an auii not the less interesting or important that it 
Ix.ai's directly on the procuring of those minerals and metals 
which add so greatly to the comforts and luxuries of life, and 
contribute so materially to human progress and civilisation. Com- 
bining its theoretical interest with its high practical value — the 
complexity and nicety of its problems as an intellectual exercise 
with the substantial wealth of its discoveries — the new light it 
throws on the duration of our planet, and the wonderful variety 
of its past life, with the certainty it confers on our industrial 
researches and operations — Geology becomes one of the most 
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*,* The Jlffures refer to the tectioni of the text in vhieh the particvlar term or 
tubject occurt. 


Acicclar, needle-shaped (Lat aeue, a 
needle), 3d. 

Actynolite (Gr. actin, a ray, and li- 
thoi, a stoneX a frequent mineral in 
granitic compounds, 86^ actynoUte- 
schist, 33. 

Alluvium, Alluvial tracts, 13. 

Alum, alum-shales of coal measures, ^ 
of lias, 118. 

Amber (Arab, ambar), a fossil tertiary 
resin, 13a. 

Ammonites, of the oolite, 115 : of the 
chalk, 121. 

Araorphous(Gr. < 1 , without, andmorphi, 
regular form), 30, Si. 

Ampbitherium, a marsupial mammal of 
the oolite, 115. 

Amygdaloid, a frequent variety of trap 
rock, 50. 

Anthracite (Qr. anthrax, charcoal), a 
non-bituminous variety of coal, ^ as 
distinguished from ordinary cc^, 33. 

Anticline, .anticlinal axis, 3L 

Apatite, phosphate of lime or phospho- 
rite, found among granitic rocks, 48. 

Aqueous agencies, their mode of opera- 
tion and results, 17. 

Asterophyllites, a coal-measuie and Per- 
mian plant, 01. 

Astrsea (Gr. aetron, a starX Silurian star- 
coral, 62. 

Atmospheric agencies, their operations 
and results, IIL 

yltolls, the name given to coral islands 
of au annular form, that is, consisting 
of a circular belt or ring of coral, with 
an enclosed lagoon, 22, 152. 

Augite (Gr. augf, lustre), the principal 
mineral in many trap and volcanic 
rocks, 36. 

Auriferous (Lat. aurum, gold, and /ere, 
to yield), applied to veins and deposits 
yielding gold, 7% 

Avalanche (Fr. avalanget, lavanchee), an 
accumulation of ice, or of snow and 
ice, which descends from precipitoiu 
mountains, like the Alps, into the 
valleys beneath, 13. 

Azoic (Gr, a, without ; zoi, life), ns ap- 
plied to stratified rocks, 42, 53. 

Bactute, a chambered shell of the 
chalk, 122. 


Basalt, as distinguished from green- 
stone, 8^ 53. 

Basin, trough, or syncline of stratified 
rocks, 3L 

Beaches, raised or ancient, 27, 148. 

Belemnitos, of the oolite, 115 : of the 
chalk, 121. 

Bellerophon, a roiutiloid shell, charac- 
teristic of the mountiun limestone. S3. 

Berg-mahl (Swedish) mountain-meal, a 
recent infusorial earth, 2L 

Bitumen (Gr. pitnf, pitch of the pine 
tree), as a mineral compound, 33. 

Botryoidal (Gr. botrye, a cluster of 
grapes, and eidos. formX applied to 
certain concretionary forms, 23. 

Boulder-clay, formation of, 1.86-140. 

Breccia and breccinted, from the Ital- 
ian, composed of Irregular angular 
fragments, 35. 

Buntcr (Ger. , variegated), a member of 
the trins, 102. 

Burrstone, a siliceous rock of tho Paris 
tertiaries, ttsed for millstones, 135. 

Caikozoig (Gr. hainoe, recent ; zoi, life), 
as applied to fossiiiferous strata, 42, 

Calamites, in carboniferous rocks, 2L 

Calcairie grossier (Fr. coarse limestone), 
one of the eocene beds of Paris, 1.80. 

Calcareous springs (Lat. calx, calcie, 
lime), II, 

Calc-tuff, calc-sinter, and other calcare- 
ous deposits, 140. 

Cannel coal, known also os gas and par- 
rot coal, 90. 

Carboniferous system (Lat. carbo, coal, 
and /ere, to yicldX description of, 
82-94 ; subdivisions of, £2. 

Carpolithes (Qr. carpot, fruit, and lUhot, 
a stoneX fossil fruits of the tertiary 
beds, 13.8. 

Cataclysm, (Gr. katallytmot. an inun- 
dation), a))i)lied to fmy violent flood ; 
deluge; debacle, 1,89. 

Catenipora (Lat. caJena, a chain, and 
porue, a pore or pnas.8ge), a siluri-au 
coral, 32. 

Cephal.aspis, a peculiar fish of tho De- 
vonian epoch. 13. 

Ceratites (Gr. terae, a horn), a kind of 
ammonite, 10.8. 

Chalk, as distinguished from ordinary 
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limestone, Sfi; chalk system, 119 ; 
fossils, 1*21. 

Clialyl^cHte sprinj?8 (Gr. chalybt, iron), 
or those iraprejfuatcd with iron, IL 
Cheirotherium, u fossil batrachiuu of 
the trias, 103. 

Chemical agencies, their mode of opera- 
tion and results, ^ 149. 

Chert, a peculiar flinty admixture, oc- 
curring in many limestones, Jill 
Chiastolite slate or schist, a rock of the 
clay-slate group, fiL 

Chlorite (Gr. cUoi'os, greenish); chlorite 
schist, &c.,^ iiL 

Chondrites (chondriLS, a species of sea- 
weed } , marine jdojits of the chalk. 1^ 
Cimolionus, a bird of the chalk, 123. 
Clay, as distinguished from marl, 
Clay-slate, as a rock and group, 61-64 ; 

geographical extent, GH ; uses of, GA 
Claystonc, an earthy variety of felspur- 
rock, claystone-poi'phyry, GiL 
Cleavage, phenomenon o4 02. 
Clinkstone, or phouolito {Gr. pfionos, 
sound), a trappean rock, bSL 
Coal, as distinguished from lignite and 
jet, 3t^ varieties of, 9iL 
Coal-measures, lower, ^ upper, Sfl. 
Coccoeteus, a peculiar flsh of the De- 
vonian epoch, Ifl, 

Coufer\'ites, fossil aquatic plants of the 
chalk epoch, 121 . 

Coufonnabio and unconformablc. 31- 
Conglomerate, as distinguished from 
sandstone, of old red, li. 
Copper-slate, kupfor-schiefor of Ger- 
many. 1Q2. 

Coprolites, in coal-measures, BS. 
Coral-reefs, nature of, ^ 146. 

Corals, of siiurian system, G^ of moun- 
tain limestone, of the oolite, 1 14 : 
of the chalk, lil ; of existing reefs. 151. 
Combrash, a shelly conglomerate, one of 
the members of the oolite, said to 
derive its name from the facility with 
which it disintemtes and breaks up 
(brashy) for eoriuand, 100- 
Comstoues, limestones of the Devonian 
system. 74. 

Cosmogony (Gr. lomos, the world, and 
gon^, originj, reasonings or specula- 
tions respecting the origin of the uni- 
verse. 

Crag (Celt, crfggan, a shell), a shelly ter- 
tiary deposit, found chiefly in Norfolk 
and Suflolk, 129.' 

Crag and tail, plicuoroenon of, 138. 
Crater (Gr. IraUr. a cup or bowl), the 
terra applied to the cup-like orifice of 
volcanoes, 24* 

Cretaceous system, account of. 119-126. 
Crinoidca (Gr. hrinon, a lily, and eUios, 
form), lily-like radiata, 6^ SB. 

Crop, or outen^p of strata, 31* 

Crust of the earth, meaning of the term, 
^ composition of. ^ 

Crystal |Gr. cryftaHo$, ice), originally 
applied to transparent gems, but now 
used to denote all minerals possessing 
regular geometrical forms. 


Crystalline and sub-crystalline, 85. 

Ctenoid, ctenoidians, &c., a division ot 
fishes, II* 

Cumbrian and Cambrian strata, propo.s- 
ed ari'angement of, GG. 

Cupressiuites (Gr. cupre^fwt, tlie cy- 
press), fossils allied to the cypress. 

118, m 

Cyatnophyllum (Gr. cynthos^ a cup, and 
phyllunit leaf), fossil cup-coi*al, 

Cycadites, fossil plants of the trias and 
oolite, 103. 113. 

Cycloid, cycloidinns, &c., a division of 
fishes, IL 

CysLidcro (Gr. cpgtu*, a bladder;, Silu- 
rian echmoderms, G9* 

Debris, a convenient term adopted from 
the French for all heterogeneous accu- 
mulations of waste materiid, 29* 

Degradation (Lat. de, down, andj/radtt^, 
a step), the act of wearing or wasting 
down gradually or*step by step, II* 

Deinotherixim (Gr. deinof, terrible, and 
wild beast), figured, 133. 

Delta, and del toid deposits, described, Ifl* 

Denudation iLat. de, down, and nwlw, 
naked). The removal of superficial mat- 
ter so as to lay bare the inferior stratit, 
is an act of denud:ition ; so also the 
removal by water of any formation or 
part of formation. 

Detritus (Lat. de, from, and nib- 

bed), matter wont or ni bbed oft’ rocks 
by aqueous or glacial action. 

Devonian or Old Red Sandstone system , 
73-81. 

Diluvial drift, Drift, or Boulder fomia- 
tion, 137. 

Dolomite, as a rock, 36 ; in Permian 
system. fiZ* 

Dyke, wall-like masses of igneous matter 
fiUijig fissures fn stratified rocks arc 
BO termed, 33* 

Earthquakes, their effects os geological 
agents, ^ 27, 156. 

Encriuites, of Silurian rocks, 69 ; of 
mountain limestone, 89. 

Eocene, or lower tertiary group, 129. 

Erosion (Lat. ero«w, gnawed or worn 
away), application of the term, IS* 

F.stuary deposits, nature of, 144. 

Euomphalus (Gr. eu, well, and omphalos, 
the navelX a coiled nautiloid shell of 
the mountain limestone, S3. 

Exuviaj (Lat. (xture, to cast or throw 
off). In Zoology this terra is applied 
to the moulted or cast-off* coverings of 
animals, such as the skin of the snake, 
the crust of the emb, &c. ; but in 
Geology it has a wider sense, and is 
applied to all fossil animal remains of 
W'batever description. 

Fault, fissure or dislocation of strata, 33* 

Fauna (Lat. Fauna, rural deities), in 
Geology, 60. 

Favosites (Lat. favuSt ft honeycomb), a 
Silurian coral, G9& 
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Felspar (Ger. feU, rock, and tpatli, spar), 
as a rock, 3^ folspathic traps, 50. 

Ferruginous (Lat./errut», iron), impreg- 
nated with iron ; ferriferom, yielding 
iron. 

Fibrous texture, composed of fibres like 
asbestos, 3fi. 

Fire-clay of the coal-measures, Si. 

Fishes, fossil, chief characteristics of, 
and Agasais's chissification of, TL 

Fissile structure (Lat. jUfu», capable of 
being split), 3A 

Flaggy, flags, and flagstones, are terms 
applied to fissile rocks like paving- 
stone, 34j Arbroath and Caithness 
flagstones, 81. 

Flint, as a rock, 3G : formation of, in 
chalk system, 12il. 

FlorafLat. Flora, the goddess offlowers), 
in botany, QlL 

Foliation, in metamorphic strata, iS. 

Foraminifera (Lat. foramen, an open- 
ingl, a class of minute chambered 
shells, with an orifice in the septa or 
plattis which separate the ehambers, 
12fi, 152. 

Formations, in geology, S. 

Fos.sils, fossil remains (.fossiu, dug up), L 

Fuci, fucoids, sea-weeds, or fueus-like 
impressions in Silurian rocks, fill ; in 
oolitic, ll.S. 

Fuller’s earth, a variety of absorbent 
clay, used in the scouring or fulling of 
woollen cloth, 119, 126. 

Ganoid, gauoidians, &c., a division of 
fishes, 77. 

Garnets, in metamorphic rocks, &c., fifi. 

Gault {provincial), a member of the 
chalk system, 11!). 

Goodes (Gr. geodtf, earthy), a term ap- 
plied to rounded pebbles having an 
internal cavity lined with crystals; 
also to rounded or nodiilar pebbles 
themselves ; and to nodiUcs of clay or 
ironstone, hollow wi thin , or filled with 
soft earthy ochre, 52. 

Geology, object and scope of, 1,2, 8 ; 
theoretical, i^- practical, ^ how to 
observe, IL 

Geysers, or hot springs of Iceland, 119. 

Glacier (Lat. glades, ice), the term aj)- 
plied to those masses of ico which 
accumulate in the higher gorges and 
vallcysof snow-covered mountains, Ifi. 

Glossopteris, a fern of the coal-measures, 
91 : permian, iiU. 

Gneiss, as distinguished from granite, 
.lO ; the gneiss group, 57-61. 

Gdra^ principal repositories of, 12. 

Granite, mineral composition of, ^ IIL 

Granitic Rocks, description of, ^ 45-43 ; 
whore found, 4^ economic uses of, 48. 

Graphite (Gr. grapho, I write), so called 
from its use in making writing-pen- 
cils. This substance consists almost 
entirely of pure carbon with a small 
per-cout.ago of iron, the pro]K)rtion8 
being about 9ll to 9. It is also termed 
plumbago and black-lead, from its ap- 


pearance, though lead does not at all 
enter into its composition. 

Graptolites, characteristic Silurian koo- 
phytes, fik. 

Gravel, ns distinguished from sand and 
shingle, .36. 

Greeus.aud, a member of the chalk sys- 
tem, 110. 

Grey wacki (Ger. grau, grey, and wade, 
a mixed clayey rock), 65. 

Grit, as distinguished from sandstone — 
grindstone-grit, millstone-grit, 8C. 

Gryphsea (Gr. gmjps, a griffin), a beak- 
like shell of the oolite, 1 14. 

Gypsum (Gr. gtriwos, from gi, earth, and 
epso, to boil), originally apfilied to all 
limestones, aii. 

Hamite, a chambered hook-shaped shell 
of the chalk, 122. 

lleliolitcs (Gr. Iielios, the sun, and 
lUhos), Silurian corals, ti£L 

Hitch, slip or disfilaceiuent of strata, 
33. 

Holoptychins, a fish of the upper old 
red and lower carboniferous ages, 7^ 
88 . 

Hornblende, as a mineral and rock, 2S ; 
granitic rock. 4Cj metamorphic, 58. 

Hypemthene, as a mineral and rock, 38. 

llypozoic (Gr. hgpo, finder, and jot, 
life), as distinguished from acoic, 51L 

IcEnEiio (Ger. tie, ice, and berg, a moun- 
tain), the name given to the moun- 
tainous masses of ice often found float- 
ing in the arctic and antarctic seas, 
139. 

IcEuites, or fos-sil footprints, Ifl.3. 

Ichthyolito and ichthyodorulite, fish 
remains, 18. 

Igneous agency, its mode of operation 
and results, ^ 

Igneous rocks, subdivisions of, 43. 

Indurated, hardened by heat; and in 
this sense should be kept distinct 
from " bard ” or “ compact.” 

Infusorial accumulations, nature of, 2L 

Ironstone, of the coal-measures, 94. 

Jet, os distinguished from ordinary coal , 
36 ; in lias, IIP. 

Joints, divisional planes, "backs and 
cutters," 87. 

Kaolin, a Cliinese term for a fine pot- 
tery'-clay derived from the decomposi- 
tion of granitic or felspathic rocks, 18. 

Keuper and Keuper marls, members of 
the trias, 102. 

Kimmeridge clay , Kimmeridge shale, or 
“ Kim coal,” Ac., 1 13. 

Lacdstbine or lake deposits, 145. 

Laminated (Lat-X composed of thin 
plates or lainiuie ; fissile, 34. 

Lava, an Italian term, now universally 
applied to all molten rock-matter dis- 
charged from volcanoes, ^ 36j 51, 

Lead, veins of, in mountain Hniestone,21. 
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Legiiminosites, firuiU of the tertiary 
epoch, 133- 

Lepidodendron, a carboniferous fossil, 
HI; Permian, flSL 

Lias, or Liassio strata, lift. 

Lignite (Lat. Hfrnum, wood), a variety of 
coal, 3^ occurring in oolite, 118: iu 
tertiaryoods, 

Limestone, as a rock compound, 3^ 
uses of, &4. 

Lithology, as distinguished from pals- 
ontology, S5. 

Littoral (Lat. lUtui, the shoreX applied 
to all deiKwits and operations taking 
place near or along the shore, in con- 
tradistinction to pelamc (pe/<i(rur, the 
deep sen) or deep-sea deposits. 

Llandeilo rocks, the lowest series of Silu- 
rian stntta, GS. 

Lodes and veins of mineral matter, 33. 

Ludlow rocks, the upper series of Silu- 
rian strata, 63. 

Magnesian limestone, a member of the 
Pormi.'m system. Hi, Any limestone 
coutnininganot.able per-contage of car- 
bonate of magnesia is termed " mag- 
nesian." 

Mammoth, or post-tertiary elephant, 
flmired, 153. 

Mariile, as distin^ished iVom lime- 
stone, 3^ marbles of the metamor- 
phic rocks, 60j of the carboniferous, 
88 ; of the oolite, 118. 

Marl, nature and composition of, 3d. 

Mastodon, a post-tertiary pachyderm, 
figured, 140. 

MegaUchthys (Gr. mtgaii, great, and 
iclithyt, fish), a fish of the coal eixich, 82. 

Megatherium (Gr. mega, great, and 
therium, wild beast), a tertiary mam- 
mal, 134. 

Mesozoic (Gr. me»ot, the middle, and loi, 
life), as applied to fossilifcrous strata, 
42. 159. 

Metals, their mode of occurronco, 36. 

Metamorphic system, origin and de- 
scription of, 5ii-64. 

Mica-schist, as a rock, ^ 58 ; as a rock- 
group, 56-60. 

Microlestes, a mammal of the triassic 
period, 103. 

Millstone grit, a subdivision of the car- 
boniferous rocks, 82. 

Miocene, or middle tertiary group, 129. 

Moraine, a Swiss term for the mounds 
of detritus {s,and, gravel, and boul- 
ders) brought down by glaciers, 1.39. 

Mountain limestone, or carboniferous 
limestone, 8H-.SR. 

Murchisonia (after MurchisonX a whorl- 
ed palieozolc univalve, 69. 

Muschelkalk (Ger. mueehtl, shell, and 
talk, limoX a member of the trias, 102, 

Mussel-bands, or “Mussel-binds," thin 
shelly layers occurring in the coal-mea- 
sures, 9L 

Neocomian, a synonymo of the green- 
sand, 130. 


Neozoic (Gr. neoi, new, and zoi, life), as 
appiiea to fossilifcrous strata, 42. 

Nerlnca, a characteristic shell of the 
oolite, 114. 

Neuropteris, a fom of the coal-mea- 
sures, 9L 

New Sandstone, subdivisions of, 95. 

Nummulite, a fossil of the lower ter- 
tiary, 130. 

Obsidian (Gr. optianiu), a compact vi- 
treous lava, or volcanic glass ; so called 
from being polished by the ancients, 
and used for looking-glasses, 151. 

Ochre, hydrated oxide of iron, ns deriv- 
ed from coal-measures, 24. 

Old Red Sandstone system, or Devo- 
nian, 73-81 ; lithology of, 7^ fossils 
of, 7^78 ; scenery of, 7^ where found, 
80 ; uses of. HI. 

Oolitic system, description of, 108-118 : 
subdivisions of, 109 ; oolite group. 111. 

Organic accumulations, of recent 
growth, 145. 

Organic agencies, their mode of opera- 
tion ana results, ^ 145. 

Omith-ichnites, fossil footprints of 
birds, 103. 

Orthoeeras, Orthoceratite (Gr. orthoi, 
straight, and kenu, a horn), a genus 
of straight bom-shaped cliambered 
shells, 62. 

Ossiferous caves, gravels and breccias, 
153. 

Ostcolepis, a fish of the Old Bed Sand- 
stone epoch, 13. 

Outcrop, or extreme edge of inclined 
strata, 3L 

Overlj-ing, as applied to overflows of 
igneous rocks, 32. 

Fal.£ONTOLOOV, as distinguished from 
Lithology, 65. 

I’uheosamus (Gr. palates, ancient, and 
saurtis. a lizard), iu Pcrmiuii strata, 22. 

Palusozoic (Gr. palaioi, ancient, and ro2. 
lifeX ns applied to certain fossilifcrous 
strata, 42. 

Palmocitcs. fossil palms of the oolite. 113. 

Peat, poat-moss, foraiatlon of, 20,151. 

Pebbles, Scotch, from trap-rooks, 8L 

Pecopteris, a fem-Uke fossil iu coal-mea- 
sures, 21 ; iu Permiau strata, 22 ; 
oolite, 1 13. 

Pelagic (Gr. pelagot, the sea), applied to 
deep-sea deposits and operations, o.s 
distinguished from shore or littoral 
ones. 

Pcntaciinite (Gr. pente, five), a five-sided 
ciicriiiite, 33. 

Permian system, described, 23-121; 
rocks of 97 ; fossils of, 99 ; ecouomic 
products, 101. 

Petrify, Petrification (Lat. pelra, a stone, 
and Jla, 1 become). All vegetable or 
unimol matters found iu a fossil state, 
or converted into stony matter, are 
siiid to be petrified, L 

Petroleum (Lat. petra, rock, and oleum, 
oil), literally rock^iil ; a Uquid mineral 
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pitch, 80 called because it seems to 
ooze out of the rock like oil, SUk 

Peucites, fossil conifene of the oolite, 113. 

Fhasoolotherium, a mammal of the 
ooUte, UA 

Pisolite, or pea-stone, iu oolite. 111. 

Pitchstone, and pitchstone- porphyry, 
varieties of igneous I'ock so termed 
from their pitch-like lustre, 100. 

Plocoid, Placoidians, Ac., a division of 
fishes, 77. 

Platysomus (Gr. platyt, bro-ad, and toma, 
the bodyX a ganoid fish of the Permian 
epoch, ‘M. 

Pleistocene, a synonyme of the “ Drift," 
127 : nature and composition of, 136- 
UST 

Plesiosaurus, a sauroid of the oolitic 
system, 11 S. 

Pliocene, the upper group of the ter- 
tiary system, 120 . 

Poikilitic, a term formerly applied to 
the New Bed Sandstone, HA 

Polype (Qr. polyi, many, and pout, a 
foot), the zoological term applied to 
zoophytes having many tentacula or 
feet-like organs of prehension ; hence 
also tlie terra polypUlom, 22. 

Porphyry (Gr. porphyrtot, purple), ori- 
guially applied to a reddish igneous 
rock used in Egyptian architecture, 
but now applied to all igneous rocks 
having detached crystals (mostly of 
felspar) disseminated through the 
mass ; hence the term porphyritic. 
We have thus poriihyritie granites, 
greenstone porphyries, felspar por- 
phyries, trachytic porphyries, and so 
forth, fin. 

Portland stone, a stratum of the upper 
oolite, 118 . 

Post-tertiary, or recent accumulations, 
141-157. 

Potstone, a soft magnesian rock, the 
lapit ollarit of the ancients, Cfl, 

Primary, Primitive, in geological classi- 
fication, 30. 

Productus, a bivalve characteristic of 
the carboniferous limestone, 8^ in 
magnesian limestone, 22. 

Protogine(Gr. protos, first, and ginomai, 
I am formed), a granitic rock, ^ ilk 

Protosaurus (Gr. prolot, first, and sau- 
ms, a lizard), iu Permian strata, 99. 

Pterodactyle, a flying sauroid of the 
oolite, llfi. 

Pterophyllum (Gr. ptcron, a wing, and 
phyUum, a leaf), fem-like fossils of the 
oolite, 11.3. 

Ptcrygotus, a peculiar crustacean of the 
Old Red Sandstone, 71k 

Puddingstono or conglomerate, 3^ 4L 

Pumice (Ital. pomice, allied to tpuma, 
froth or scum), a light, porous, froth- 
like lava, 2^ hi. 

Pyrites (Gr. pyr, firoX sulphurets of 
iron or of copper, 86j iu sLate, 61^ in 
coal, 94^ iu lias, 110. 

QuAQUAVERSAL(Lat. on every side). This 


term is applied to strata which dip in 
every direction from a common |>oint 
or centre of elevation. 

Quartz, nature and composition of, 36 ; 
quartz-rook, or quartzite, 58. 

Ragstone, applied to coarse concre- 
tionary or breccio-concretionary rocks, 
as coral rag, Kentish mg, Ac , 111 

Retepora (Lat. rtte, a net, and porut, a 
pore), a flustracca-like zoophyte found 
in various formations, 83. 

Ripple-raark on sandstones, 80. 

Rivers, their effects as geological agents, 
17, 140. 

Bock, geological application of the term, 
28 ; description of various rocks, 36 : 
classification of. into systems and 
groups, . 37 - 4 * 2 . 

Ri«k-salt, depo.sits of, in England, 103. 

Roestone, or oolite, as distinguished from 
pisolite. 111. 

Sacchahoid (taccharum, sugar, (UU», 
likeX like loaf-sug.ar in texture. 35. 

Saliferous (Lat. ml, salt, and fero, I 
yield), a term applied to salt-yielding 
strati 25- 

Salt, Cheshire deposits of, 107; lake de- 
posits of, 150. 

Salts, combinations of acids and bases, 
as rock-salt, potash, sodsi, Ac., 3A 

Sand, sandstone, descriptions of, 35. 

Sand-dunes (Brit, dune, a hillock), sand- 
drift, occurrenco of, 25. 

Sauroid (Gr. munit, a lizard) of the lias, 
oolite, and wealden. 1 15. 

Scaphite, a chambered boat-shaped shell 
of the chalk, 122. 

Schist, as distingmshed from slate, 58. 

Schorl, or black tourin.aline, an acciden- 
tal mineral in gmuitic rocks, 4L 

Scoriae (Ikal. tcoria, dross), volcanic cin- 
ders or cindery-liko accumulations, 
43,54. 

Seam, restriction of the term , 31. 

Secondary, iu geological classification, 
32. 

Section (Lat. tedut, cut), the line, actual 
or ideal, which cuts through any por- 
tion of the ciirth’s crust so ;is to show 
the internal structure of that portion 
(just as one would slice a loaf, or saw 
up a tree), is termed a Section, 3L 

Sediment (Lat. aetUre, to settle down), 
various kinds, as river, lake, and 
oceanic, IS. 

Selenite, (Gr. aelen^, the moon, and ilea, 
tor lUJioa), as distinguished from ordi- 
nar.v gypsum, 3ik 

Septui-ia (lat. aeptum, a division or fence), 
applied to nodules of ironstone, Ac., 
occurring in the shales of the coal-mea- 
sures, lias, and other strata, because, 
when broken up, the interior is often 
divided into net-liko compartments by 
minute veins of earlionnto of lime, 110. 

Serpentine, a mottled magnesian rock, 
so called from its serpcut-likc colours, 
3 ^ 45 . 
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Shcll-lMjda, growth and accumulation of, 
^ 152. 

Sigillaria, a stem chamcteristic of the 
coal epoclx, Ui* 

Siliceous springs (Lat. flint), or 

those holding siliceous matter in solu- 
tion. IL 

Silt, fine mud, clay, or sand deposited 
03 sediment from water, 7^ 

Silurian system described. 65-72 : moau- 
iug of the term, 65: rocks of, lil ; fossils 
of, 0^ extent of, uses of, 12. 

Sinter (Ger. to drop or iucrust 

by dropping), hence oUc-si liter and aUi- 
ccous-smter, 12. 

Slate, as distinguished iVom shale, liiL 

Soil, growth and nature of, 154. 

hpheuopteris, u feru of the coal-mea- 
sures, 2L 

Bjirings, cold, hot or thermal, and mine- 
ral, II. 

Stalactite and Stalagmite (Gr. Hala(pna, 
a drop), 2IL 

Steatite (Gr. sfear, fiU). so called from 
Its greasy or soapy feel ; soap-stone, 
hfi. 

Stigmaria, supposed root of sigillaria, 
and characteristic of carboniferous 
rocks, lii. 

Stratified rocks, synonymous with aque- 
ous, and sedimentary. 22. 

Stratum (singular), Strata (plural), 
meaning of, ^ horizontal, iiu*lino<i, 
bout, and vertical, Ijlj structure ql 
various strata, sLL 

Strike, the linear direction of any stra- 
tum as it aptiears at the surface, Hi. 

Sub (lijit. under), often applied in geo- 
logy to express a less degree of any 
quality, as sub-columnar, not distinctly 
columnar ; sub-eryatalline, indistinctly 
cr\'6talUne: applied also to position, as 
sub-cretaceous, under the clialk. 

Sulphur, as a volcanic product. M. 

Syenite, a granitic rock, mineral com- 
position of, ^ ^ aSL 

Synclinc, syncliuaTaxis or trough, 2L 

System, limitation of the term, ^ 12. 

Talc as a rock, 3^ talc-schist, 2d. 

Talus, the sloping accumulation of de- 
bris which Uikes place at the base of 
H cliff* or precipice exposed to the 
weathering effects of frosts, rains, 
and other atmospheric agents. 

Telerpeton, a reptile of the Devonian 
epoch. 

Tertiary, in geological classification, Sfi. 

Tertiary system, described, 12S-135. 

Tetrni)i^ichuites (Gr. friw, four; pout, 
podo*, the fo<»t ; ichnon, albotprint, and 
Utt), liiS. 

Thermal (Gr. thenn^, heat), applied to 
hot-springs and other waters whose 
temperature exceeds bO’Fabr., 2^ 142. 


Trachyte (Gr. trachyf, rough), a variety 
of volcanic rock, ^ 132; trachytic 
traps, hiL _ . . 

Transition, as applied in classification, 
32. Ii5j 

Trap-rock (Swedish, trappa, a stair), 
nature of, Mi trap|»eau compound^, 
43; description of, 49-52; where found, 
61 : economic uses ofi 52. 

Travertine, a limestone of modem forma- 
tion, 14i». 

Triassic system, described, 102il(lL 

Trigonia (Gr. treif, three, and a 

comer), I'ossil bivalve of the oolite and 
dmlk, 114. 

Trilobites, characteristic siluriau ems- 
tacea, i*' mountain limestone, 83. 

Trip<4i, or poUshing slate, a flinty, in- 
fusorial aggregate, 2L. 

Tuff, or tufa (Ital. tu/o; Gr. top/t<w), on- 
ginally applied to a light ^roiis lava 
or )>umicc, but now applied to aU open 
jiorous rocks ; hence trap-tuti, calc- 
tuff*, or calcaraous tufa, 

Unconpormablk, uuconformability a- 
mong strata, 21. 

Unstratified rocks, synonymous with 
igneous and volcanic, 2iL 

Vegetable growth and drift, 2lh 

Veins, iu stratified luid unatratified. 
roclLs, 22. 

Vesicular or cellular, like lava, 25. 

Volcanic agency, oporutions and results 
of, .^^151. 

Volcanic rocks, description and varieties 
of, ^ 161 ; where occurring, 55. 

Volcanoes (I^t. Ku/canuJ, the god of 
fire), active, dormant, and extinct, 55. 

WACHfi (Ger.), a term applied to all soa 
earthy varieties of trap, whether tu- 
foceous or amygclaloidal. 

Warp, a local term for marine silt, 147. 

Wealdeu graup. or weald strata, de- 
sciibcd, ; fossils of, 114, 115 . 

Weathering, application of the term in. 
geology, 1^ 

Weiilock rocks, the middle senes of 
Silurian strata. 52. 

Whinstono, whin, a Scottish or Saxon 
designation for greenstone, but by 
minors applied to almost every hard 
or indurated rock that comes in their 
way. 

Zamites, fossil plants of the trios and 
oolite, IMi 112- 

Zeebsteiu (Gor. mine-stone), a terra ap- 
plied iu Germany to the magnesian 
limestone of the Permian group, from 
its containing the k-up/er-schitfer ur 
copper-slate whicii is there worked as 
an ore of copper, 25. 


Digitized by Google 


UST OF EDUCATIONAL WORKS 

PUBLISHED B7 

WILLIAM BLACKWOOD & SONS, 

(Siinkrgl^ anir f flukn. 


NEW SCHOOL ATLASES, 

BT 

ALEX. KEITH JOHNSTON, 

F.R.G S., F.G.a, 

Geographer to the Queea, Author of the “ Physical Atlas," tic. 

I. 

Classital 

Comprising, in Twenty Plates, Maps and Plans of all the impor- 
tant Countries and Localities referred to by Classical 
Authors, constructed from the best Materials, and embody- 
ing the Residts of the most Recent Investigations. Printed 
in Colours, uniform with the Author’s General and Physical 
School Atlases, and accompanied by a Complete Index of 
Places, in which the proper Quantities of the Syllables are 
marked, by T. Harvey, M.A., Oxon., one of the Classical 
Masters in the Edinburgh Academy. 

C 0 STEST 8 .— 1. Flan of Rome, and IlluatrationB of Classical Sites. 2. Orbis Vo- 
teribtia Notus(otorb. Homori, Hecatsei, Democriti, Strabonis, Heiwloti, Pto- 
lemsei). 3. Hispania. 4 . Gallia 5. Britannia (ct. Brit. Strabou., Brit. 
Ptolem., &c.) 6. Germania, Vindelicia, &c. 7. Pamionia, Daciir, &c. 8. 

Italia Superior et Corsica. 9. Italia Inferior. Sicilia et Sardinia (ot Campania, 
SyracuBffi, &c.) 10. Imperium Rom.anum (et Imp. Rom. Occid. et Orient.) 
11. Grsecia (et Atbcnie, Marathon, Themiopylie). 12. Gnecia a Bello Polo- 
ponuesinco, us. ad. Philipp. II. (et Mantinea, Leuetra, Plattea). 13. Asia 
Minor (ot Bosporus, Troas, Ionia, &c ) 14. Syria et Paltestina (ct Hioroso- 
lymu, &c.) 15. Armenia, Mostmotaraia, Biibylonia, tic. (ct iter Xenophontis). 
16. Reg. Alexandri Uagni (et Grauicus, Issus, Arbcla). 17. Persia et India 
(etinilia Ptiilemiei). 18. Algyptu^ Arabi.% et Ethiopia (et.£gyptus Inferior). 
19. Africa (ot Carthago, Alexandria, Numidia, ot Africa Propria). 20. Europe 
(showing the genor^ direction of the Barbarian inroads) on the fall of the 
Roman Empire. Index. 
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II. 

I^ITskal 

Illustrating, in a Series of Original Designs, the Elementary Facts 
of Geology, Hydrology, Meteorology, and Natural Histoiy. 

In this Atlas of Physical Geography the subject is treated in 
a more simple and elementary manner than in the previous 
works of the Author — the object being to convey broad and 
/ general ideas on the form and structure of our Planet, and 
the principal phenomena affecting its outer crust. i 

III. 

kittr 

Exhibiting the Actual and Comparative Extent of all the Coun- 
tries in the World ; with their present Pohtical Divisions. 
Constructed with a special view to the purposes of Sound 
Instruction, and presenting the following new features : — 

1. Enlarged Size, and consequent Distinctness of Plan. 2. 

The most Recent Improvements in Geography. 3. A Uni- 
form Distinction in Colour between Land and Water. 4. 

Great Clearness, Uniformity, and Accuracy of Colouring. 

5. A ready way of comparing Relative Areas by means of 
Scales. 6. The insertion of the Corresponding Latitudes of 
Countries, Towns, &c. 7. References to Colonial Possessions, 

&c., by Figures and Notes. A carefully compiled and com- 
I)lete Index. 

IV. 

Edited by J. R. HIND, Esq., F.RA.S., &c. 

With Notes and Descriptive Letterpress to each Plate, embody- 
ing all recent discoveries in Astronomy. Eighteen Maps. 

Printed in Colours by a new process. 

Contents. — PLATE I. — The Celestial Sphere — Refraction, Parallax, Aberration 

—Phases of the Moon — Phases of the Inferior Planets. PLATE II D.iy and 

Night — The Seasons — Neap Tides- Spring Tides. PLATE III. — The Sun and 
the Solar Spots— The Zodiac.al Light. &c. PLATE IV. — Map of the Moon — 

S)>ots on the Moon, &c. PI. ATE V.— Solar Eclipses. PLATE VI Lunar 

Eclipses. PLATES VII. & VIII.— The Solar System. PL.\TE IX— Saturn, 

Mars, Jupiter, and his Satellites. PLATE X.— Comets. PLATE XI —Tire 
Stars, the Milky Wav, Double Stars, Colours of the Stars. PLATE XII. — 

Nebulw. PATES Xill. to XVIII. inclusive— Six Maps of the Stars. 



tS" The above art all uniform in tilt. Price of each Allot ; — Tn Octavo [for School 
use), rtrongly half-bound, 12s. 6d. Jn a Portfolio, each Map tepatvie, and mounded on 
eanrat, 16s. 6d. In Quarto, half-bound morocco, £1, Is. ^parole Map» mounted on 
canvas, each Sd. 
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V. 

^knrnrlarg Sr^0l |.tlas 

OP 

GENERAL AND DESCRIPTIVE GEOGRAPHY, 

For the use of Junior Classes ; including a Map of Canaan and 
Palestine, and a General Index. In demy 4to, price 7-s. 6d. 
half-bound. 

VI. 

A SERIES OF 

To accompany Keith Johnston’s Atlases of Physical and General 
School Geography. Comprising the World (on Mercator’s 
Projection) — Europe — Asia — Africa — North America — 
South America — The British Isles. With a Blank Page 
for laying down the Meridians and Parallels of any Map by 
the more Advanced Pupils. In a Portfolio, price 2s. 6d. 


OPINIONS 

REOARDINO 

KEITH JOHNSTON’S SCHOOL ATLASES. 

Mrs Somerville. 

I sincci'oly thank you for the two school-book* of geofrmphy which you have had 
the kindness to send me. They are so admirably executed, that I consider the 
publication of them an important improvonieut in the study of geography. The 
‘ Atl.as of Physical Geography," as au illustration of what I have described, is in- 
valuable. 

Gnsoa, Oct. 29, 1852. 

Professor Pillans. 

I have taught geography more or less in the High School and University of 
Edinburgh for the last forty years, and I have no hesitation in s.aying tliat I look 
upon the publication of Mr Keith Johnston’s General and Physical School Atlases as 
the greatest boon that has been conferred, in iny time, on a branch of knowledge and 
of public instruction which is beconiiug every ilay more important and more popular. 

Educational Times. 

They are as superior to all school atlases within our knowledge, as were the larger 
works of the same author in advance of those that preceded them. The plates of 
tho Physical Atlas excite our warmest admiration for the clearness of the engrav- 
ing and the beauty of the colouring A more complete work for educa- 

tional purposes never came under our observation. 

Spectator. 

Those two publications are important contributions to educational literature 

distinguished for new matter as well as for a better mode of presenting the old to 
the eye, and for facilitating reference, which in maps is all in all. 

Idtorary Gazette. 

Never before have young students of geography bad advantages such as in these 
atlases are presented. In every respect the requirements of modern education are 
hero met, and school-books are furnished of a kind far superior to the old-fashion^ 
maps from which a knowledge of the world and its countries used to be obtained. ' 
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John Bull. 

The works now lying before ua — executed with admirable clearness and accuracy 
—will enable the youthful student to make himself master of all the facts of physi- 
cal geography, of geology, geographical botany, and soology, and of ethnology, 
which the industry of travelers in all parts of the world has collected together ; 
and the study of geography will thus assume, in our schools and seminaries, that 
higher and deeply interesting character which has been imparted to it by the re- 
searches of modem science. 

Morning Advertiser. 

These elegant and copious magazines of gco^phical knowledge and the colla- 
teral subjects of physical science, are contributions to uur academical class-books, 
worthy in every respect of the great development whieh modern research has ef- 
fect^ in these important and interesting pursuits Both books are 

perfect specimens of art os atlases, and they will be found as useful in training, as 
to the eye they are pleasing and attractive, 

Atheiueam, 

Mr Johnston, whose l.abours in this department of science have won him great 
renowm has, by the publication before us (the School Physical Atlas), done much 

to facilitate and encourage the study of physical geogi-aphy It consists 

of eighteen beautiful illustrations, exhibiting the leading natural characteristics of 
every portion of the globe. . . . Nothing could be better calculated to illustrate 

the various elementsjy treatises on physical geography which have lately appeared. 

The maps composing this School Atlas (of General and Descriptive Geography) 
are distinguished by several points of superiority over those generally used m 
schools. . . . The whole work is adapted to the present state of geographical 
knowledge. 

Idverpool Albion, 

Whether as regards their completeness as a set, their accun^, or the beauty of 
their execution, Keith Johnston's atlases are superior to any hitherto published. 

Journal of the Boyal Geographical Sooiety. 

Mr A. Keith Johnston, who has already done much to introduce the study of 
physical geography into this country, has recently published two Atlases of Gene- 
ral and Physical Geography for the use of schools. These works are to be followed 
by Atlases of Classical and Scriptural Geography, on the same plan,— the whole 
forming a most valuable addition to the imperfect means hitherto possessed by the 
teacher for imparting to our younrar fellow-countrymen a good knowledge of ^o- 
graphy — the study of which has been hitherto too much neglected in our public 
schools. 

The Guardian. 

Altogether the beet atlas we have seen for its size and price. 

Sootsman. 

The plan of these atlases is admirable, and the excellence of the plan is rivalled 
by the neauty of the execution. . . . 'The best security for the accuracy and sub- 
stantial value of a school atlas is to have it from the hands of a man like otu- 
author, who has perfected his skill by the execution of much larger works, and 
gained a charoct^ which he will bo careful not to jeopardise, by attaching his 
name to anything that is crude, slovenly, or superficial. 

Pifeshire Journal. 

These atlases are the very beau-ideal of excellence. They are of exquisite work- 
manship They are the very best books on the subjects that can bo put 

into the hands of scholars or adults, and no teacher should be without a copy. 

Journal of Bducation. 

Decidedly the best school atlases we have ever seen. 

Wakefield Journal. 

We believe there are no atlases equal to Mr Johnston's for educational purposes. 

Xeeds Intelligencer. 

Nothing seems to have been overlooked in preparing this School Atlas of Classi- 
cal GeoCTaphy, which would contribute to its usefulness, and which could be in- 
troduced into such a work ; and the great care and skill which have been bestowed 
on every point, both in dedgn and execution, are beyond praise. 
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Sunderland Herald. 

That these works deserve the highest praise is saying too little of them ; they 
require that acceptation by the British public which books fulfilling a hitherto 
neglected mission in the cause of popular education should have. We sincerely 
hope that, in the public school and the private study, as works of reference as well 
as of iustruction.they will be generally found. 

Sdinburgb Advertiser. 

Such are the school atlases of Hr Johnston. It is superfluous to commend 
works distinguished by so many excellencies, but we have briefly stated their 
principal features, for the information of teachers and pupils who may now be pre- 
paring for the educational campaign. We can most confidently assure them that 
no atlases, at the same price, ever conveyed so much information, or conveyed it 
In so agreeable a form. 

Economist. 

Mr Keith Johnston’s atlases well deserve the celebrity they have acquired. . . . 
No instructor of youth, no person who wishes to instruct himself, and can procure 
them, should be without them. They are a great step In the art of speaking to 
the eye, which is one of the most flourishing and most valuable arts of modem 
times. 


A New and Enlarged Edition of 

%ihs of |tafaral ^^tnomena. 

BY ALEX. KEITH JOHNSTON, F.RS.E., F.R.G.S., &c., 

GEOGRAPHER TO THE QUEEN. 

To be completed in Twelve Parts, of which I. to X. are Published. 

Examiner, August 12, 18S4. 

There is no map in this noble atlas upon which we might not be tempted to 
write largely. Almost every one suggests a volume of reflection, and suggests it 
by presenting, in a few hours, accurate tmths which it would be the lalwur of a 
volume to enforce in words, and by imprinting them, at the same time, upon the 
memory, with such distinctness that their outlines are not likely afterwards to be 
eSacod. The “ Physical Atlas ” is a somewhat costly work, reckoning it only by 
its paper ; but upon its paper is stamped an amount of knowledge that could 
scarcely be acquired without the reading of as mimy books as would cost seven 
times the price. 

IPfesixal 

REDUCED FROM THE IMPERIAL FOLIO, 

FOR THE USE OF COLLEGES, ACADEMIES, AND FAMILIES. 

BY ALEX. KEITH JOHNSTON, F.RS.E., &c., &c. 

This Edition contains Twenty-five Maps, including a Palaeon- 
tological and Geological Map of the British Islands. With 
Descriptive Letterpress, and a very copious Index. In Imperial 
Quarto, handsomely bound, half-morocco, price £ 2 , 12s. fid. 

Eoleotio Review. 

This atlas is executed with remarkable care, and is os accurate, and, for all 
educational purposes, as valuable as the splendid large work (by the same author) 
which has now a European reputation. 

Examiner. 

Wo do not remember a contribution to School Libraries, and to the resources of 
the School and University Teacher, in all respects so important as the book now 
before us. 
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Second Edition, 

|irtr0triid0rg C£^-^00h 0f 

BY DAVID PAGE, F.G.S. 

With Engravings on Wood. Price Is. 6d. 

Athenfflum. 

Of late it has not often been our good fortune to examine a text-book on science 
of which we could express an opinion so entirely favounible as we are enabled to 
do of Mr Piige’s little work. The value of an introductory text-book depends upon 
its correctness, and on the lucid stylo in which the discoveries of science are 
described. The first impressions made on the mind take firm hold; and should 
they be false in the slightest degree, the task of forgetting — unlearuing — is an ex- 
ceedingly difficult one. The labour of acquiring any new branch of knowledge is 
always ip-eat at first ; and if the teacher wants cleivrness, the toil to the learner is 
gre;itly increased. Mr Pago, in his "Text-Book of Geology." exhibits the most 
perfect knowledge of his subject, and his descriptions of geological phenomena are 
exceedingly cleivr and satisfactory. This Introductory Text-Book is so good that 
we shall look forward with interest for the Advanced Text-Book which Mr Pi^ 
announces for pubiication. 

Builder. 

We some time since reprobated certain attempts to simplify and popularise the 
principles of Geology, which must have led to a completely false idea of the foun- 
(hatious on which tliat useful science rests. In the present little work for bemn- 
ners, we are glad to find that such attempts are expressly and wisely avoided. 
And even in point of simplicity itself, we do not see that anything is lost, while a 
strictly accurate and scientific view of the first principles and general facts of the 
science is clearly given. 


In the Press, by the same Author, 

S)M-§00li 0f ^1^01033, 

DESCRIPTIVE AND INDUSTRIAL. 

The purpose of these toxt-books may bo briefly stated : Tho ** Introductory ” is 
meant to exhibit a general outllue of Geolc^ intelligible to beginners, and suffix 
cient for those who wish to become acquainted merely with the leading (acts of 
the TCienco : the Advanced,” on the other hand, presents the subject in detail, 
and U intended for senior pupils, and those who desire to prosecute the study in 
its principles as well as deductions. 


Shortly will be published, 

^ of 

BY HENRY STEPHENS, F.R.S.E., 
Author of “ The Book of the Farm.” 
With numerous Illustrations. 
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FOR THE USE OF SCHOOLS AND YOUNG PERSONS. 

Eighth Edition. Post 8vo. 7s. 6d. bound. 

** Tliis is a ipaaterly epitome of the noblest contributions which have been made 
to the historic literature of the present day. The epitoraist has been worthy of the 
history ; and the result is the production of a book, which is undoubtedly the very 
best and safest book ou the subject — for the use of schools and yoimg persons— 
which has been published.” — H\dl Packet. 

** A most admirable school-book .” — Dublin Dortiing Mail. 

** A capital piece of wprk, which, though primarily designed for schools and 
young persons, will be found very useful to all, as a coup-d'ceiL of the history o( 
Europe during one of its moat important periods.” — Sptciator^ 


%Xi 

of ^lison's Jisiorg cf 

4to, bound in cloth. Price 7s. 


% of 

^griniltural Cjjcmistrg anil ienlogg. 

BY JAMES F. W. JOHNSTON, F.R.SS.L. & E., 

Author of “ Lectures on Agricultural Chemistry and Geology,” &c. 

Thirty -Eighth Edition. Price Is. 

“ The extent to which this little Catechism has been circulated at home, its 
translation into nearly every European lanifuage, and Us introduction into the 
schools of Germany, Holland, Flanders, Italy, Sweden. Poland, and South and 
North America, while it has been gratifying to the author, has caused him to take 
additional pains in improving and adding to the amount of useful information in 
the present edition.” — Pri/aet. 


By the same Author, 

0f ®0mm0it 

Two Vols. crown 8vo, with Engravings. Price 11s. 6d. 

** Mr Johnston’s book is a book for the pooplo ; there Is lianlly a fact or a prin- 
ciplo that it would not be for the benefit of the richest as well as the poorest to 
know.” — Athtnirum. 

** All will concur in admiring the profound thought which has ennobled so many 
familuir things, and has even tinged the commonest processes of household life 
with the hues of novel ty and surprise. The Work deserves to bo universally read.” 
— .Srifw/i Qxuirterly Jieriew. 

“ An invaluable reading class-book, and we earnestly recommend it for that 
purpose.”— .£!ngh'«A Journal of Education, 
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Clemtnts of 

IP^gskal antr Classital ^cograpl^g. 

COMPRISING THE GEOGRAPHY OF THE ANCIENT WORLD, 
IN SO FAR AS IT IS SUBSERVIENT TO THE UNDERSTANDING 
OF THE CLASSICS. 

BY PROFESSOR PILLANS, 

Of the University of Edinbuish. 

Price 4s. 

** The (Treat charm of the book consists in the pure classical spirit with which 
erety pa^ of it is imbuecL Not only does it contain an accurate and scholar-Uke 
account of countries, towns, and geographical positions^ with which evoiy reader 
of the classics is familiar, but it endears them to us, and imprints them indelibly 
on the memory, by associating almost every mountain, town, and stream with 
the brightest emanations of Roman poetical genius.^' — Scotti^^ucaticrud Journal. 


Ji nrtifif atmn ; 

FOR THE USB OF OFFICERS IN THE ARMY AND READERS 
OF MILITARY HISTORY. 

* 

BY LIEUT. H. YULE, Bengal Engineers. 

8 VO, with numerous Illustrations. Price 10s. 6<L 

“ An excellent manual, one of the best works of its class ." — Briiith Jrmy Bit- 
patch. 

" The best elementary book in the English Language upon the subject .” — The 


% 0it Surfeghig. 

BY JOHN AmSLIE. 

A New and Enlaced Edition, embracing Railway, Military, 
Marine, and Geodetical Surveying. 

Edited by W. Galbraith, M.A., F.RA.S. 

In 8vo, with a Quarto Volume of Plates. Price 21s. 

” The best book on surveying with which I am acquainted.”— -W m. Rutherford, 

LL.D., F.R.A.S., BoycU MUiiary Aaultmyf Woolwich^ 
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